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Sunday 28 August 2011 
18:00 Opening ceremony and welcome reception (LR1 Kongresowa) 
 Chair: Marek K Janiak (Poland) 
Addresses: Maciej Żylicz, Advisor to Bronisław Komorowski, President of Poland,  
  Waldemar Pawlak, Minister of Economy, Honorary Patron of ICRR2011 
  Hanna Gronkiewicz-Waltz, Mayor of the capital city of Warsaw  
  Michał Kleiber, President of the Polish Academy of Sciences 
  Ohtsura Niwa, President of IARR 
  Antonina Cebulska-Wasilewska, President of ICRR2011 
 
Stage performance by the Polish folklore dancing group PROMNI 
 





CL – Conference lecture 
CR – Coffee and lunch room 
EO – Eye opener 
LR – Lecture room 
MR – Meeting room 
PL – Plenary lecture 
POS – Poster session 
PR – Poster room 
S – Symposium 
 
Lecture rooms: 
LR1 Kongresowa  
LR2 Ratuszowa  
LR3 Skłodowska  
LR4 Warszawska  
LR5 Mikołajska  












MR2 Rudniew annex 
MR3 – MR5 Warszawska annexes 
MR6 Puszkin 
Please see rear part of the book for a layout of the rooms and an explanation of the room names. 
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Start 
time 
Monday 29 August 2011 
ROOM LR1 Kongresowa LR2 Ratuszowa LR3 Skłodowska LR4 Warszawska LR5 Mikołajska LR6 Kruczkowski 
08:30 Eye opener lectures EO1-E06 
 EO1. Chair: M.K. Janiak 
S. Akiba (Japan): Low-
level radiation exposure 
and cancer risk. 
 
 
EO2. Chair: H. Tanooka 
M. Atkinson (Germany): 
The genetics of radiation 
induced cancer. 
 




where are we? 
 
EO4. Chair: S. Chandna 
Y. Wang (USA): Outline 
the role and importance of 
microRNAs in cell 
function including 
response to radiation. 
 
EO5. Chair: M. 
Kruszewski 
G. Bauer (Germany): 
Reactive oxygen and 





EO6. Chair: K. 
Bobrowski 
C. Chatgilialoglu (Italy): 
Chemical radiation 
studies related to radical-
based DNA damage.  
 
09:30 Coffee break (CR1 Marmurowa and CR2 Korczak) 
10:00 Symposia S1 – S6 
 S1. Normal tissue 
effects of radiation 
Chair: M. Robbins, 
J.Williams 
10:00 C. Limoli (USA): 
Stem Cells, Oxidative 
Stress, and Normal Tissue 
Injury. 
10:25 M. Robbins (USA): 
Use of anti-inflammatory 
therapies to modulate 
radiation-induced late 
effects. 
10:50 M.C. Vozenin 
(France): Inflammation 
and fibrosis 
11:15 K. Fleckenstein 
(Germany): Hypoxia and 
inflammation in radiation 






Chair: I. Szumiel, J. 
Dobrucki  
10:00 J. Dobrucki 
(Poland): Histone 
methylation and 
heterochromatin protein 1 
in DNA damage response. 
10:25 T. Pandita (USA): 
Chromatin modifications 
and DNA damage 
response. 
10:50 J.R. Morris (UK): 
Regulation of post-
translational 
modifications in the 
double-strand break 
response. 
11:15 M. Falk (Czech 
Republic): Induction, 
repair and misrepair of 
DNA double-strand 
breaks (DSBs) in the 
S3. Space research 
Chair: F. Cucinotta, M.A. 
Tabocchini  
10:00 F. Cucinotta 
(USA): Introduction 
10:10 G. Zhou (China): 
Different responses 
between G0 and 
exponentially growing 
cells exposed to ionizing 
radiation. 
10:30 M.A. Tabocchini 
(Italy): DNA damage and 
repair after low doses of 
charged particles.  
10:50 J. Pluth (USA): 
Radiation quality 
dependent effects on 
phosphorylation kinetics 
of proteins involved in 
early DNA damage 
response. 
11:15 M.K. O'Banion 
(USA): Hippocampal 
neurogenesis and 
contextual fear response 
S4. Radiation and 
immune response 
modifiers  
Chair: E. Repasky, S. 
Demaria 
10:00 E. Repasky (USA): 
Defining a role for body 
temperature in cytokine 
regulation and neutrophil 
homeostasis following 
total body irradiation.  
10:25 S. Demaria (USA): 
Cancer cells stressed by 
radiotherapy become 
targets for CD8 T cells 
activated by anti-CTLA-4 
treatment.  
10:50 J.W. Hodge (USA): 
The tipping point for 
combination therapy: 
cancer vaccines with 
radiation.  
11:15 C.-S. Chiang 
(Taiwan): Distinct in vivo 
responses of tumor-
associated macrophages 
S5. RRS President's 
symposium - 
biological significance 
of complex DNA 
damage: physics, 
chemistry and biology 
of complex damage 
Chair: P. O‘Neill 
10:00 A. Ottolenghi 
(Italy): Modelling of 
DNA damage dependence 
on radiation quality. 
10:25 M. Lomax (UK): 
The pros and cons of 
processing clustered DNA 
damage sites. 
10:50 K. Elmroth 
(Sweden): Formation and 
consequences of complex 
DNA lesions using 
radiation with different 
LET. 
11:15 A. Georgakilas 
(USA): New insights into 
the processing of 
S6. Radiation damage 
to biomolecules (I): 
peptides, proteins, 
membrane lipids 
Chair: C. Ferreri, K. 
Bobrowski 
10:00 E.F. Garman (UK): 




10:25 W.H. Koppenol 
(Switzerland): Formation 
and repair of protein 
radicals. Role of thiyl 
radicals.  
10:50 B. Mihaljevic 
(Croatia): A new 
biomimetic model of free 
radical reactivity in lipids.  
11:15 M. Stuart (Canada): 
Fatty acid composition of 
muscle tissue measured in 
amphibians living in 
radiologically 
contaminated and non-
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context of higher-order 
chromatin structure. 
in C57BL/6 mice exposed 
to 2 Gy whole body 
protons. 
to irradiation.  
 
oxidatively induced 
clustered DNA lesions. 





12:00 Conference lectures CL1 – CL6 
 CL1. Chair: I. Guseva 
Canu 
R. Wakeford (UK): 
Chernobyl effects: what 
do we know after 25 
years?  
CL2. Chair: A. 
Haimovitz-Friedman 
N. Cordes (Germany): A 
sticky matter: ECM and 
radiation cell survival. 
 
CL3. Chair: I. Stratford 
S. Formenti (USA): 
Clinical relevance of the 
immune response. 
 
CL4. Chair: B. Cedervall 
C. Mothersill (Canada): 
Chronic exposures, 
multiple stressors and 
other uncomfortable 
issues in radiation 
protection. 
 
CL5. Chair: A. Lankoff 
H. Shen (USA): 
Nanotechnology in cancer 
therapy  
 
CL6. Chair: W. H. 
Koppenol 
C. Houée Levin (France): 
Protein radiation 
chemistry: one electron 
oxidation of methionine 
in peptides and proteins. 
 
13:00 Lunch break (CR1 Marmurowa and CR2 Korczak) 
14:00 Plenary lecture PL1 (LR1 Kongresowa) 
 Chair: C. Streffer (Germany) 
T. Ohnishi (Japan): Disaster of Fukushima-Daiichi nuclear power plant (Japan) by earthquake and tsunami and RI-pollution. 
 
15:00 Poster sessions POS1 – POS13 (PR1 Starzyński and PR2 Broniewski) 
 POS1 Adaptive response; POS2 Biological dosimetry; POS3 Bystander effects; POS4 Cell signalling; POS5 Effects of radiation on inflammation and immunity; POS6 
Computational/theoretical studies in radiation physics and chemistry; POS7 Radiation chemistry and space research; POS8 Radiation chemistry of bioactive compounds ; 
POS9: Boron neutron capture therapy (BNCT); POS10 Epidemiology; POS11 Molecular imaging in diagnosis and therapy; POS12 Hadrontherapy; POS13 Interdisciplinary 
studies.  
Authors of odd poster numbers are asked to be at their posters from 15:00 to 15:45 
Authors of even poster numbers are asked to be at their posters from 15:45 to 16:30 
16:30 Coffee break (CR1 Marmurowa and CR2 Korczak) 
17:00 Plenary lecture PL2 (LR1 Kongresowa) 
 Chair: Hans Menzel (Switzerland) 
Dudley Goodhead (UK): On the track to clustered damage and radiation effects. ICRU L.H. Gray award lecture.  
18:00 Symposia S7 – S12 





Chair: E. Azzam, E.A. 
Rapasky 





Chair: C. Mothersill, D. 
Oughton 
18:00 M. Stuart (Canada): 
Adaptive responses and 
bystander effects in a 
multiple stressor context.  
18:20 T.G. Hinton 
(France): Lessons 
S9. Doses received from 
modern medical 
procedures 
Chair: S. Mattsson, A. 
Almén 




18:30 S. Mattsson 
S10. Autophagy: a 
double-edged sword in 
cellular radiation 
response 
Chair: B.G. Wouters, D. 
Chan 
18:00 B.G. Wouters 
(Canada): The unfolded 
protein response enables 
high rates of autophagy 
S11. Radiation damage 
to biomolecules (II): 
nucleic acids and their 
constituents 
Chair: M.D. Sevilla, T. 
Majima  
18:00 T. Majima (Japan): 
Charge transfer in DNA. 
18:30 A. Adhikary 
(USA): Formation of 
S12. Ethics of radiation 
protection 
Chair: F. Zölzer, C. 
Streffer 
18:00 C. Streffer 
(Germany): Ethical 
aspects and culture of 
radiological protection in 
medicine and research. 
18:30 J. Lochard 
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clinical perspective. 
18:30 Z. Vujaskovic 
(USA): Combined 
therapies in treatment of 
bladder cancer.  
19:00 E.A. Repasky 
(USA): Can targeting 
normal, homeostatic 
vasomotor function by 
mild hyperthermia result 






Radioecology 25 Years 
after Chernobyl. 
18:40 G. Rudolfsen 
(Norway): Chernobyl 
birds. 
19:00 D. Oughton 
(Norway): Radiation 
effects on earthworms.  
 
(Sweden): Nuclear 
medicine for diagnostics 
and therapy. 
19:00 W. Bulski (Poland): 
Doses from radiotherapy. 
 
and protection against 
metabolic stress in 
tumors.  
18:30 D. Chan (USA): 
Induction of autophagic 
cell death in renal cell 
carcinoma. 
19:00 H. Kim (USA): 
Radiation dose protection 
and mitigation by 






radicals via ionization and 
excitation pathways. 
19:00 D. Hunting (UK): 
How can we exploit the 
properties of low energy 
and hydrated electrons to 
improve radiotherapy? 
(France): The ethical 
foundation of the 
radiation protection 
system.  
19:00 B. Taebi 
(Netherlands): Ethics of 
radiological protection for 
nuclear power production 
and waste management.  
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Start 
time 
Tuesday 30 August 2011 
ROOM LR1 Kongresowa LR2 Ratuszowa LR3 Skłodowska LR4 Warszawska LR5 Mikołajska LR6 Kruczkowski 
08:30 Eye opener lectures EO7-EO12 
 EO7. Chair: M. Atkinson 
J. Williams (USA): 
Animal models: the good, 
the bad and the useless. 
EO8. Chair: W. Blakely 
K. Rothkamm (UK): 
Advances in biological 
indicators of radiation 
exposure. 
EO9. Chair: W.F. Morgan 
O. Kovalchuk (Canada): 
Radiation induced 
epigenetic effects. 






EO11. Chair: E. 
Szajdzinska-Piętek 
P. Wardman (UK) 
Radiation chemistry in the 
21st century: current 
status and perspectives. 
 
EO12. Chair: S. Ptasinska  
P. Denifl (Austria): 
Electron driven reactions 
in doped helium 
nanodroplets - 
investigations on the 
radiation damage of 
biomolecules. 
 
09:30 Coffee break (CR1 Marmurowa and CR2 Korczak) 
10:00 Symposia S13-S18 
 S13. New modalities for 
cancer treatment 
Chair: G. Mckenna, I. 
Stratford G.  
10:00 McKenna (UK): 




10:25 T. Paunesku (USA): 
Nanoparticle targeting and 
radiosensitization. 
10:50 I. Stratford (UK): 
Targeting tumour 
metabolism to improve 
the outcome of 
radiotherapy. 
11:15 A. Chalmers (UK): 
Combining PARP 
inhibitors with radiation 
therapy: rationale, 




its mechanism and 
significance 
Chair: M. Kadhim, M. 
Watanabe 
10.00 M. Kadhim (UK): 
Introduction to non-
targeted effects. 
10.05: T. Hei (USA): Is 
radiation-induced non-
targeted response relevant 
to human health. 
10.30: M. Watanabe 
(Japan): The origin of 
radiation carcinogenesis is 
not DNA damage. 
10.50: F. Cucinotta 
(USA): Modular systems 
biology and low dose 
radiation responses. 
11.10: M. Little (USA): 
Circulatory disease from 
exposure to low-level 
ionising radiation and 
estimates of potential 
population risks: a meta-
analysis of 
S15. The use of 
archiving data and 
biological material - 
examples and strategies 
Chair: B. Grosche, G.A. 
Thomas 
10:00 P.N. Schofield 
(UK): The STORE data 
warehouse; an 
international 
infrastructure for data 
sharing in radiobiology. 
10:30 W.F. Morgan 
(USA): Mining the 
lifespan studies of beagles 
exposed to radiation in 
utero or as juveniles. 
10:50 G.A. Thomas (UK): 
The Chernobyl Tissue 
Bank – a model for 
integrating ―omics‖ 
research on single blocks 
of tissue. 
11:10 E. Douple (Japan): 
The use of unique 
archived data and 
biological samples by the 
S16. Induction of 
secondary cancers by 
ionizing radiation 
Chair: I. Toma-Dasu, D. 
Averbeck 
10:00 D. Brenner (USA): 
Understanding and 
potentially reducing 
second cancers after 
radiotherapy. 
10:25 Y. Dubrova (UK): 
The delayed genetic 
effects of radiotherapy – 
what we know and what 
we do not. 
10:50 J. Hall (France): 
Relation between DNA 
repair defects and 
development of secondary 
cancers.  
11:15 I. Toma-Dasu 
(Sweden): Modelling the 





S17. Multiple stressors 
(covers humans and 
environmental studies) 
Chair: D. Oughton, C. 
Mothersill 
10:00 C. Seymour 
(Canada): Multiple 
stressors – issues to 
ponder. 
10:20 P. Eriksson 
(Sweden): Developmental 
co-exposure to low doses 
of ionising radiation and 
environmental toxicants 
during a critical period of 
brain development 
exacerbate cognitive 
defects in adult mice. 
10:50 M. Maier 
(Germany): Portable 
Langendorff system for 
determination of effects of 
nanoparticles after 
radiation. 
11:10 I. Guseva Canu 
(France): Epidemiology of 
uranium workers in 
S18. Radiation-produced 
intermediates - basic 
problems 
Chair: I. Carmichael, S. 
Pimblott 
10:00 S. Ptasinska (USA): 
DNA damage induced by 
fast-flowing metastable 
species in a cold plasma. 
10:25 A. McNamara 
(Australia): A comparison 
of X-ray, proton and alpha 
beam track structures 
using Monte Carlo 
simulations.   
10:50 R. Edge (UK): 
Reaction of carotenoids 
with free radicals and 
singlet oxygen. 
11:15 I. Carmichael 
(USA): Scavengers as a 
mitigating strategy against 
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epidemiological studies. 
11.30 S. Salomaa 
(Finland): Highlights of 













France. Radiological and 
not-radiological exposure 
and its effects. 
11:30 B. Salbu (Norway): 
Sublethal effects in 
juvenile atlantic salmon 
(Salmo salar) induced by 
multiple stressors (gamma 
radiation and metals). 
 
12:00 Conference lectures CL7 – CL12 
 CL7. Chair: G. Iliakis 
T. Halazonetis 
(Switzerland): ATM-
53BP1 pathway in 
response to DNA double 
strand breaks and cancer 
development.  
 
CL8. Chair: S. Demaria  
W. McBride (USA): 
Inflammatory responses to 
radiation. 
CL9. Chair: A. Wojcik 
E. Cardis (Spain): Mobile 
phones and health risks. 
CL10. Chair: K. 
Składowski 
B. van der Kogel 
(Netherlands): Hypoxia 
and its role in 
radiotherapy of tumours. 
CL11. Chair: T. Hei 
A. Kennedy (USA): 
Antioxidants: help or 
hype. 
CL12. Chair: J. Wishart 
Y. Katsumura (Japan): 
Radiolysis of sub- and 
supercritical water. 
13:00 Lunch break (CR1 Marmurowa and CR2 Korczak) 
14:00 Poster session POS14 – POS22 (PR1 Starzyński and PR2 Broniewski)  
 POS14 DNA repair; POS15 Genetic instability; POS16 Individual radiation sensitivity; POS17 Radioecology; POS18 Radiation chemistry in materials science; POS19 
Radiation research and nuclear power; POS20 Combination treatments; POS21 Non-cancer effects; POS22 Heavy ions.  
Authors of odd poster numbers are asked to be at their posters from 14:00 to 14:45 
Authors of even poster numbers are asked to be at their posters from 14:45 to 15:30 
15:30 Coffee break (CR1 Marmurowa and CR2 Korczak) 
16:00 Plenary lecture PL3 (LR1 Kongresowa) 
 Chair: O. Niwa  
R. Hill (Canada): The varied faces of hypoxia in cancer: from radiation resistance to metastasis to stem cell niche. IARR H.S. Kaplan award lecture.  
16:45 Debate (LR1 Kongresowa) 
 Chair: J. Williams, I. Turesson 
Debate title: This house believes that further advances in radiation oncology will come from physics rather than from radiation biology. 
Debaters: B. Maciejewski (Poland) and S. Bentzen (USA) 
19:30 Conference gala dinner (Warsaw Centre EXPO XXI) 
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Start 
time 
Wednesday 31 August 2011 
ROOM LR1 Kongresowa LR2 Ratuszowa LR3 Skłodowska LR4 Warszawska LR5 Mikołajska LR6 Kruczkowski 
08:30 Eye opener lectures EO13 – EO17 
  EO13. Chair: R. Wakeford 
K. Kodama (Japan): 
Update on radiation risk 
estimates from A-bomb 
survivors. 
EO14. Chair: D.G. Jones 
S. Chandna (India): 
Molecular mechanisms of 
extreme radioresistance 
displayed by insect cells. 
EO15. Chair: W. McBride 
K. Składowski (Poland): 
Combined chemo-
radiation therapy. 
EO16. Chair: D. 
Goodhead 
W. Friedland (Germany): 
Track structure 
simulations for radiation 
physics, chemistry and 
biology. 
EO17. Chair: J. Michalik 
J.F. Wishart (USA): Ionic 
liquid radiation chemistry 
and its applications in 
nuclear fuel treatment. 
09:30 Coffee break (CR1 Marmurowa and CR2 Korczak) 
10:00 Symposia S19 – S24 
 S19. Vascular 
endothelial cell response 
to radiation - a new 
dimension 
Chair: M. Natarajan, A. 
Haimovitz-Friedman 





10:25 M. Hauer-Jensen 
(USA): Vascular-mediated 
normal tissue injury - 
where are we and where 
are we going? 
10:50 D.F. Kucik (USA): 
Adhesiveness of aortic 
endothelium is increased 









S20. What, if anything 
have 'omics technologies 
taught us about 
radiation effects/risks? 
Chair: M. Sowa, A.L. 
Brooks 
10:00 A.L Brooks (USA): 
Influence of omics 
research on radiation 
paradigms and risk: past 
and future. 
10:25 S. Amundson 
(USA): Insight into the 
bystander effect from 
functional genomics. 
10:50 P. Stambrook 
(USA): What ‗OMICS‘ 
can and cannot tell us 
about DNA damage 
response and DNA repair 
in embryonic stem cells? 
11:15 M. Sowa (USA): 
What have ‗omics studies 





Chair: K. Składowski, R. 
Suwiński 
10:00 R. Suwiński 
(Poland): The perspectives 
of TPMCC (Therapeutic 
Personalized 
Multimodality cancer 
Care) in combined 
treatment for cancer of the 
head and neck. 
10:20 R. Tarnawski 
(Poland): Feasibility and 
Safety of reducing the 
irradiation dose in regions 
of active neurogenesis for 
prophylactic cranial 
irradiation in patients with 
small-cell lung cancer. 
10:40 L. Miszczyk 
(Poland): Radiotherapy of 
painful vertebral 
hemangiomas. 
11:00 J. Wydmański 
(Poland): Is there a role 
for neodjuvant therapy in 
gastric cancer? 
11:20 K. Składowski 
S22. Nanotechnology 
targeting DNA damage 
and repair pathways: 
advances from the clinic 
Chair: A. Georgakilas, 
E.S. Yang  
10:00 (USA): Targeting 
the epidermal growth 
factor receptor (EGFR) 
family to render tumor 
cells susceptible to poly 
(ADP-Ribose) polymerase 
(PARP) inhibition. 
10:25 W.S. Dynan (USA): 
Re-engineering the DNA 
double strand break 
machinery for therapeutic 
purposes. 
10:50 O. Martin 
(Australia): Use of 
gamma-H2AX to monitor 
DNA damage and repair 
in translational cancer 
research. 
11:15 Karl T Butterworth 




S23. New developments 
in radiation dosimetry 
Chair: S. Simon, F. 
Trompier 
10:00 S. Simon (USA): 
Dosimetry techniques to 
support long-term health 
risk studies.  
10:25 P. Kukołowicz 
(Poland): Developments in 
dosimetry methods in 
radiotherapy. 
10:50 J. Brown (Norway): 
Developments in 
dosimetry for exposures in 
the environment.  
11:25: F. Trompier 
(France): Developments 
and new trends for 
radiation accident 
dosimetry with biological 
samples and personal 
items. 
 
S24. Radiation chemistry 
in materials science  
Chair: J. Belloni, S. 
Tagawa 
10:00 M. Washio (Japan): 
Nano- /micro-fabrication 
of polymeric materials 
using focused ion beams. 
10:30 M. Mostafavi 
(France): New strategy to 
form by radiolytic method 
nanoparticles of metal and 
semiconductor. 
11:00 T. Kozawa (Japan): 
Reaction of thermalized 
electrons in resist 
materials.  
 
  15 
(Poland): Does accelerated 
radiotherapy reflect 
radiobiology: 15 year 
experience with CAIR (7 
days irradiation). 
 
12:00 Plenary lecture PL4 (LR1 Kongresowa) 
 Chair: P. O‘Neill 
D. Brenner (USA): Exploring the two two-edged swords. RRS G. Failla award lecture.  
13:00 Lunch break (CR1 Marmurowa and CR2 Korczak) 
14:00 Poster session POS23 – POS29 (PR1 Starzyński and PR2 Broniewski) 
 POS23 Radiation protection; OS24 Low dose effects; POS25 Stem cells; POS26 Radiation damage to biomolecules; POS27 Normal tissue damage; POS28 Microdosimetry; 
POS29 Physical dosimetry. 
Authors of odd poster numbers are asked to be at their posters from 14:00 to 14:45 
Authors of even poster numbers are asked to be at their posters from 14:45 to 15:30 
15:30 Coffee break (CR1 Marmurowa and CR2 Korczak) 
16:00 Plenary lecture PL5 (LR1 Kongresowa) 
 Chair: K. Williams 
D. Hirst (UK): Nanoparticle therapy with the Midas touch. ARR Weiss award lecture.  
16:45 Plenary lecture PL6 (LR1 Kongresowa) 
 Chair: A: Wojcik 
P. Jeggo (UK): Revealing the complexity of DNA double strand break repair; the processes, the lesion and the environment. ERRS Bacq and Alexander award lecture. 
17:30 Symposia S25 – S29 
  S25. Cell 
adhesion/migration in 
response to irradiation 
Chair: M.H. Barcellos-
Hoff, N. Cordes 




invasive phenotype.  
18:00 M.H. Barcellos-
Hoff (USA): Mechanisms 
and consequences of 
radiation-induced 
phenotypes. 
18:30 N. Cordes 
(Germany): Should I stay 
or should I go? Cell 
S26. Radiation research 
award session 
Chair: P. O‘Neill 
17:30 M. Boerma (USA): 
Experimental radiation-
induced heart disease: 
past, presence and future. 
18:00 A. Paun (Canada): 
Genetic variation in 
immunity alters murine 
response to whole thorax 
irradiation. 
 
S27. Tumor hypoxia and 
radioresistance 
Chair: B. Wouters, H. 
Harada  






18:00 Brad Wouters 
(Canada): Novel oxygen 
sensitive signalling 
pathways and their 
potential as therapeutic 
targets. 





protection by protein 
binding 
Chair: M. Davidkova, R. 
Martin 
17:30 M. Davidkova 
(Czech Republic): Effect 
of protein binding to direct 
and indirect radiation 
damage to DNA.  
17:50 S. Ptasinska (USA): 
The action of amino acids 
on electron irradiated 
DNA films. 
18:10 R. Martin 
(Australia): The 
S29. Radiation chemical 
studies of bioactive 
compounds 
Chair: J.L. Gębicki, T. 
Mukherjee 
17:30 T. Mukherjee 
(India): Mechanistic 
studies on herbal drugs 
and their active 
ingredients in relation to 
their antioxidant and 
radioprotection ability. 
18:00 M. Landauer 
(USA): Radioprotection 
by the soy isoflavone 
genistein. 
18:30 A. Sikora (Poland): 
Novel tools in the research 
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resistance and treatment 
response.  
development of new 
radioprotectors – DNA 
binding studies with 
methylproamine 
analogues. 
18:30 H. Fujimoto 
(Japan): Structural 
analysis of the interaction 
between the Ku protein 
and DNA. 
 
on antioxidants - the 
global profiling of 
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Start 
time 
Thursday 1 September 2011 
ROOM LR1 Kongresowa LR2 Ratuszowa LR3 Skłodowska LR4 Warszawska LR5 Mikołajska LR6 Kruczkowski 
08:30 Eye opener lectures EO18 – EO23 
 EO18. Chair: P. Jeggo 
W. Bonner (USA): The ins 
and outs of DNA DSB 
repair foci. 
EO19. Chair: E. Azzam 
B. Marples (USA): Cell 
death pathways: 
mechanisms and relevance 
to the radiation response. 
 
EO20. Chair: D. Brenner 
G. Taucher-Scholz 
(Germany): Radiation and 
DNA lesions: when 
quality matters. 
 
EO21. Chair: J. Hendry 
P.-K. Zhou (China): 
Health effects of exposure 
to radiation from 
residential radioactive 
building materials. 
EO22. Chair: P. Wardman 
R. Anderson (New 
Zealand): Optimising 
drugs that target redox 
pathways.  
 
EO23. Chair: J. Williams 





09:30 Coffee break (CR1 Marmurowa and CR2 Korczak) 
10:00 Symposia S30 – S35 
 S30. Biological effects of 
low doses 
Chair: S. Salomaa, D. 
Averbeck 
10:00 S. Salomaa 
(Finland): Biological 
effects at low doses - 
European Low Dose Risk 
Research Strategy 
10:15 C. Badie (UK): 
What do we know about 
the mechanisms of cancer 
induction and how might 
this affect the shape of the 
dose-response at low 
doses. 
10:30 R. Wakeford (UK): 
The risk of cancer from 
low level exposure to 
radiation – the 
epidemiological evidence. 
10:45 M. Atkinson 
(Germany): What do we 
know about the factors 
underlying individual 
susceptibilities and how 
large is this variation?  
11:00 E. Cardis (Spain): 
Molecular epidemiology 
and low dose risk.  
S31. Dynamics of repair 
of radiation-induced 
cellular DNA damage in 
real time 
Chair: D. Chen, A. Yasui  
10:00 A. Yasui (Japan): 
Repair mechanisms of 
DNA strand breaks 
identified by visualizing 
proteins in human cells. 
10:25 B. Jakob 
(Germany): Study of early 
DNA damage responses 
after charged particle 
irradiation by beamline 
microscopy. 
10:50 J. Aten 
(Netherlands): Movement 
of DNA double-strand 
breaks. 
11:15 A. Asaithamby 
(USA): Visualization of 
spatio-temporal dynamics 
of ionizing radiation 
induced clustered DNA 
lesions. 
 
S32. New tools in 
biological dosimetry 
Chair: P. Voisin, B. 
Thierens 
10:00 B. Thierens 
(Belgium): The automated 
micronucleus assay as a 
reliable biodosimetric tool 
for population triage in 
large scale radiation 
accidents.  




tools to manage high scale 
radiological casualties. 
10:40 M. Gmar (France): 
BOOSTER: BiO-
dOSimetric Tools for 
triagE to Responders.  
11:00 G. Gruel (France): 
Towards the validation of 
gene expression 
modifications as a 
biodosimeter.  
11:20: P. Voisin (France): 
Standardisation of 
biological dosimetry by 
cytogenetics: status, 
S33. Countermeasures in 
case of accidental 
radiation exposure 
Chair: V. Meineke, J. 
Williams 
10:00 J. Williams (USA): 
Animal Models for 
countermeasure research. 
10:25 M. Drouet (Grance): 
Mesenchymal stem cell 
therapy for treatment of 
localized radiation injuries 
(the minipig model). 
10:50 XZ Ran XZ 
(China): Studies on 
hematopoietic protection 
and immunity adjustment 
in combined radiation-
thermal injury. 
11:15 M. Hauer-Jensen 
(USA): The somatostatin 
analog, SOM 230, is a 
highly effective mitigator 
of intestinal radiation 
injury. 
 
S34. Stem cells and 
regenerative medicine 
for the treatment of 
radiotherapy side effects 
Chair: M. Benderitter, C. 
Limoli 
10.00: P Van Luijk 
(Netherland): Stem cell 
sparing radiotherapy: a 
novel approach to the 
prevention of radiation-
induced xerostomia. 
10.15: C Limoli (USA): 
Cognitive restoration after 
cytotoxic cancer 
treatments. 
10.30: C Guha (USA): 
Hepatocyte transplantation 
for amelioration of RILD. 
10.45: A Chapel (France): 





11.00: O Malard (France): 
Bone regeneration and 
engineering in irradiated 
fields. 
11.15: R Tamarat 
S35. Radiation research 
and nuclear power 
Chair: D. Swiatla-Wojcik, 
A. Chmielewski 
10:00 B. Mincher (USA): 
Radiation chemistry 
effects on nuclear solvent 
extraction: examples from 
CMPO radiolysis. 
10:25 A. Chmielewski 
(Poland): Chemistry for 
the nuclear energy of the 
future. 
10:50 J. Wren (Canada): 
Radiation-induced 
aqueous chemistry and 
corrosion in nuclear 
reactor environments. 
11:15 D. Swiatla-Wojcik 
(Poland): Modelling and 
simulation for controlling 
chemistry in advanced 
nuclear energy systems. 
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11:15 J.-R. Jourdain 
(France): What do we 
know about the 
mechanisms of non-cancer 
effects at low and 
moderate doses?  
11:30 K. Ozasa (Japan): 
Radiation risk of cancer 
and noncancer mortality in 







medicine based on stem 
cell injection for radiation 
burn treatment. 
11.30: M Klinger (Italy): 
Fat grafting after 
mastectomy and 
radiotherapy. 
12:00 Conference lectures CL13 – CL18  
 CL13. Chair: H. Paretzke 
M.H. Barcellos-Hoff 
(USA): Systems biology - 
where are we and where 
can we go? 
 
CL14. Chair: E. Blakely 
M. Durante (Germany): 
Particle therapy: from the 
laboratory to the clinic.  
CL15. Chair: M. 
Mostafavi 
P. Ulański (Poland): 
Radiation chemistry and 
technology of polymers: 
recent advances. 
 
CL16. Chair: Y. Dubrova 
C. West (UK): Genomics 
and the therapeutic 
response.  
 
CL17. Chair: C. Badie 
J.-L. Ravanat (France): 
Radiation-induced DNA 
damage in mammalian 
cells - novel types of 
lesions.  
 
CL18. Chair: B. Mincher 
M. Jonsson (Sweden): 
Radiation-induced 
dissolution of spent 
nuclear fuel. 
 
13:00 Lunch break (CR1 Marmurowa and CR2 Korczak) 
14:00 Plenary lecture PL7 (LR1 Kongresowa) 
 Chair: A. Cebulska-Wasilewska 
H. Langevin-Joliot (France): Maria Skłodowska-Curie 
15:00 Coffee break (CR1 Marmurowa and CR2 Korczak) 
15:30 Poster session POS30 – POS41 (PR1 Starzyński and PR2 Broniewski) 
 POS30 Systems biology; POS31 Modulation of radiation damage; POS32 Nonionizing radiation; POS33 Non-targeted effects of radiation; POS 34 Proteomics; POS35 
Radiation carcinogenesis; POS36Tumour biology; POS37 Radiation chemistry: basic problems; POS38 Radiation technologies; POS39 Radiotherapy effects; POS40 
Radiation biophysics; POS41 Track structure. 
Authors of odd poster numbers are asked to be at their posters from 15:30 to 16:15 
Authors of even poster numbers are asked to be at their posters from 16:15 to 17:00 
17:00 Closing ceremony (LR1 Kongresowa) 
 Chair: M.K. Janiak 
Closing words: Ohtsura Niwa – President of IARR and Antonina Cebulska-Wasilewska – President of ICRR2011 




Abstracts of oral presentations 
 
Monday 
Eye openers EO1 - EO6 
 
EO01. low-level radiation exposure and cancer risk. Suminori Akiba, 
Kagoshima University Graduate School of Medical and Dental Sciences, 
Japan 
It is yet unclear whether chronic radiation exposure increases cancer risk 
as large as acute exposure does. The cancer risk of chronic radiation 
exposure has been examined by many epidemiological studies. Among 
the studies conducted in high background radiation (HBR) areas the most 
important is the study in Karunagapally for its high doses and dense 
population. A cohort study of 69,958 residents in Karunagappally 
accumulated 736,586 person years of observation and identified 1,379 
cancer cases including 30 cases of leukemia by the end of 2005 (Nair et al 
2009). Poisson regression analysis of cohort data showed no excess 
cancer risk from exposure to terrestrial gamma radiation. The excess 
relative risk (ERR) of cancer excluding leukemia, assuming a linear dose-
response relationship, was estimated to be -0.13 Gy-1 (95% CI: -0.58, 
0.46). In Yangjian area in Guangdong Province, China, another important 
HBR area, a cohort of 125,079 men and women was followed. The 
cancer mortality study accumulated 1.7 million person-years and 
identified 1,003 cancer deaths during the follow-up period of 1979–1995 
(Sun et al. 2000 J Radiat Res). The ERR/Sv of cancer excluding leukemia 
was estimated to be -0.11 (95% CI, –0.67, 0.69). 
Also important are the studies of residents along Techa river in Ural, 
Russia (Krestinina et al., 2005), and of residents in building with Co-60 
contaminated building materials in Taiwan (Hwang et al., 2008). The 
ERR estimate of solid cancer obtained from the Techa river study was 
0.99 (95%CI: 0.3, 1.9), a value significantly higher than the Indian 
estimate (P=0.040). The Taiwanese study reported an ERR estimate of 
0.3/Gy for solid cancer.  
Among nuclear workers, by far the most extensive evaluation of solid 
cancer risk was conducted by the ‗IARC 15-country‘ study (Cardis et al. 
2005; Cardis et al. 2007). However, the validity of the radiation risk 
estimates reported by IARC 15-country study has been questioned 
(Wakeford 2005; Shigematsu 2005; Lagarde 2005; McGeoghegan2005).  
In addition to reviewing those studies, we conducted meta-analyses of 
HBR area studies and nuclear worker studies. Our results suggest that the 
ERR estimate of solid cancer is unlikely to be higher than the estimate of 
0.47/Gy obtained from atomic bomb survivor study.  
 
EO02. The genetics of radiation-induced cancer. Michael Atkinson, 
Helmholtz Zentrum Munich, Germany 
No abstract 
 
EO03. Modeling Radiobiological responses - where are we?  
Ewa Gudowska-Nowak1, S. Ritter2, 1:M. Smoluchowski Institute of 
Physics and M. Kac Complex Systems, Research Center, Jagiellonian 
University, Kraków, Poland, 2: GSI, Darmstadt, Germany 
Understanding of processes involved in the induction and transformation 
of radiation-induced biological damage is required for efficient design 
and improvement of methods of cancer treatment and radioprotection. 
The action of ionizing radiation in biological targets depends on radiation 
modality and results in alteration and breakage of chemical bonds, 
radiolysis of water, disruption of cell membrane integrity and changes in 
active transport – all contributing to cell death and genetic mutations. On 
the other hand, pattern of energy distribution and energy absorption in the 
critical target are responsible not only for molecular lesions in the cell but 
also for their impaired processing which causes erroneous DNA 
replication and cell division leading to the formation of chromosome 
aberrations. 
At a micrometer scale the energy deposition of X-rays and photons is 
fairly uniform producing DNA damage in a stochastic manner. In 
contrast, the spatial distribution of the energy deposition after exposure to 
radiations with high linear energy transfer (LET), such as charged 
particles, is inhomogeneousand reflects localized accumulation of deposit 
energy along the center of the particle path. Differences in the radiation 
quality are further mirrored in the clustered DNA damages following the 
particle radiations. By combining track structure calculations with DNA 
models at different genomic scales, prediction of DNA damage becomes 
possible and provides valuable estimate of the relationship between the 
initial physical events and observed biological responses. 
The major objective of the presentation is to review recent advances in 
calculation methods and biophysical modeling aimed to provide heuristic 
reproduction of expected radiation damage induction. Since a precise 
prediction and quantification of that damage is of great importance for 
both radiation protection, particularly in open-space long-term manned 
missions, and hadrontherapy, further improvement and possible 
refinement of existing models will be also discussed. 
References 
M. Durante, New J. Phys. 10 075002 (2008). 
M.S. Sasaki, Int. J. Radiat. Biol. 85 26 (2009). 
W. Friedland, P. Jacob, P. Kundrat, Radiat. Res. 173 677 (2010). 
C.K. Wang, Mutation Res. 704 175 (2010). 
J. Deperas-Standylo, R. Lee, A. Ayriyan, E. Nasonova, S. Ritter and E. 
Gudowska-Nowak, Eur. Phys. J. D. 60 93 (2010). 
 
EO04. Outline the role and importance of microRNAs in cell function 
including response to radiation . Ya Wang, Emory University, USA 
 
MicroRNAs (miRNAs) are small non-coding RNAs that regulate gene 
expression at a post-transcriptional level, which is one of the fastest 
developing research areas in recent years. Considering that ~1% of the 
human genome is devoted to miRNA genes, most human genes are 
regulated by at least one miRNA and each miRNA has multiple mRNA 
targets, the potential impact of altered miRNA levels is conceivably 
enormous. miRNAs directly or indirectly affect almost all cell functions. 
Ionizing radiation is an efficient DNA damage inducer that plays an 
important role in promoting carcinogenesis and killing cancer cells, 
which are associated with multiple genetic/epigenetic changes that are 
directly or indirectly affected by miRNAs. The change in miRNA levels 
contribute to both radiation-induced carcinogenesis and cancer 
radiotherapy. This eye opener lecture will focus on the following aspects: 
1) introduce the main mechanism by which miRNAs regulate gene 
expression and subsequently affect cell function; 2) describe the major 
effects of miRNAs on stem cells, carcinogenesis, cancer progress, etc. 3) 
briefly describe the miRNA changes in radiation response; 4) provide 
some examples concerning miRNAs as a therapeutic tool for cancer 
treatment including sensitizing tumors to radiation. 
 
EO05. Reactive oxygen and nitrogen species involved in radiation-
induced signalling/bystander effects. Georg Bauer, 
Universitätsklinikum Freiburg, Germany 
 
There is an ongoing and partially controversial discussion on bystander 
effects in radiation biology. The term „bystander effect― thereby indicates 
that cells that have not been directly challenged by radiation are affected 
by neighbouring irradiated cells through intercellular signaling 
mechanisms. Part of the controversy in the field is due to the use of the 
same term, i. e. bystander effect, for a multitude of functionally different 
biological phenomena. 
This talk is focussed on low dose radiation-mediated bystander effects 
during intercellular ROS-mediated apoptosis signaling in malignant cells. 
Our studies are based on three defined stages of multistep oncogenesis: 
nontransformed, transformed (premalignant) and tumor cells. 
Transformed cells generate extracellular superoxide anions and thus are 
subject to intercellular induction of apoptosis. Tumor cells show 
superoxide anion generation, but are resistant to intercellular ROS 
signaling due to resistance controlled by membrane-associated catalase. 
Low dose gamma irradiation modulates apoptosis in transformed cells 
due to induction of a strong increase in superoxide anion generation and 
peroxidase release. Only a minority of cells within the population needs 
to be directly hit by radiation, as strong bystander effects enhance the 
subsequent generation of specific signaling components. Reconstitution 
experiments, combined with inhibitors and siRNA allowed to define 
distinct amplification steps involved in establishment of intercellular 
apoptotic signaling. Mitochondrial functions are required for the initial 
perception of radiation, TGF-beta seems to have a crucial function for the 
subsequent amplification of ROS signaling-related activities and a 
complex interplay of distinct reactive oxygen and nitrogen species causes 
the final intercellular apoptotic signaling. In tumor cells, additional 
singlet oxygen-dependent amplification steps are necessary to achieve 
apoptosis induction. These data demonstrate how low doses of radiation 
trigger ROS-dependent signaling reactions with amplificatory potential 
and thus can finally lead to a strong and specific biological effect. Low 
dose radiation triggered ROS-dependent signaling effects may have a 
substantial impact on the control of oncogenesis and a possible 




EO06. Chemical radiation studies related to radical-based DNA 
damage. Chryssostomos Chatgilialoglu, Consiglio Nazionale delle 
Ricerche, ISOF, Italy 
 
Diffusible hydroxyl radicals (HO•) are known to react with DNA either 
by hydrogen abstraction from the 2-deoxyribose units or by addition to 
the base moieties. The majority of HO• attacks occur at the base moieties. 
However, there is growing evidence that the oxidation of 2-deoxyribose 
in DNA plays a critical role in the genetic toxicology of oxidative stress 
and inflammation. In the last decade, significant efforts have been 
devoted to creating a site-specific radical generating system for a better 
understanding of reaction mechanism. 
Our studies focus on the selective generation of relevant radicals by 
chemical radiation methods that allow quantitative data to be obtained. It 
is now clear that once a certain radical is formed, it can partition among 
various pathways. Unimolecular processes, such as fragmentations or 
cyclizations, compete with bimolecular processes, such as reactions with 
oxygen, thiols, oxidants or reductants. Examples of the fate of C5‘ radical 
and tautomerism in the guanyl radical will be presented. 
Selected references: 
(1)  Chatgilialoglu, C.; Ferreri, C.; Terzidis, M. A. Chem. Soc. Rev. 2011, 
40, 1368–1382.  
(2)  Belmadoui, N.; Boussicault, F.; Guerra, M.; Ravanat, J. L.; 
Chatgilialoglu, C.; Cadet, J. Org. Biomol. Chem.  2010, 8, 3211–3219. 
(3)  Chatgilialoglu, C.; D‘Angelantonio, M.; Guerra, M.; Kaloudis, P.; 
Mulazzani, Q. G.  Angew. Chem. Int. Ed. 2009, 48, 2214–2217. 
(4)  Kaloudis, P.; D‘Angelantonio, M.; Guerra, M.; Spadafora, M.; 
Cismas, C.; Gimisis, T.; Mulazzani, Q. G.; Chatgilialoglu, C. J. Am. 
Chem. Soc. 2009, 131, 15895–15902. 
(5)  Boussicault, F.; Kaloudis, P.; Caminal, C.; Mulazzani, Q. G.; 
Chatgilialoglu, C. J. Am. Chem. Soc. 2008, 130, 8377–8385. 
 
S01. Normal tissue effects of radiation 
 
S01-01. Stem Cells, Oxidative Stress, and Normal Tissue Injury. 
Charles Limoli, University of California, Irvine, USA 
 
The redox environment impacts normal stem cell niches throughout the 
body.  Hematopoietic, muscle, and neural stem cell compartments 
respond to changes in reactive oxygen (ROS) and nitrogen (RNS) species 
by triggering signaling networks that impact cellular proliferation, 
survival and differentiation.  Work from many labs including our own has 
found that irradiation can trigger acute and chronic increases in oxidative 
stress.  Low dose and/or protracted dose rates can elicit radioadaptive 
changes that have beneficial effects on proliferation and survival, while 
influencing the development lineage-specific cell fates.  Higher doses and 
dose rates have been found to impede the regeneration of irradiated 
tissues, through the depletion and/or damage of endogenous stem cell 
pools, and by promoting the onset and persistence of secondary reactive 
processes involving oxidative stress and inflammatory 
cytokines.  Increasing evidence suggests that these important stem cell 
pools are differentially protected from DNA damaging agents compared 
to their immediate progeny (i.e. precursor/progenitor cells) due to 
enhanced DNA repair, antioxidant status and reduced cell cycle 
activity.  Thus, many of the adverse effects of irradiation on normal tissue 
are the consequence of damage to the rapidly expanding pool of precursor 
cells derived from asymmetric cell division.  Irradiation of the bone 
marrow impairs the health of bone by promoting osteoclastogenesis 
(osteoclast-mediated bone resorption) and inhibiting osteoblastogenesis 
(osteoblast-mediated bone formation), with the net effect of reducing 
bone mass and structural integrity.  Irradiation of the skeletal musculature 
impairs myogenesis (formation of muscle tissue) by damaging satellite 
cells (i.e. muscle stem cells) and reducing pro-proliferative levels of nitric 
oxide.  In the brain, irradiation depletes neural stem and precursor cells 
and leads to persistent increases in ROS/RNS and inflammatory 
cytokines that inhibit neurogenesis (formation of new neurons and glia) 
and adversely impact cognition.  In each of these foregoing cases, 
interventions targeted to reduce specific reactive species can attenuate the 
adverse effects of radiation exposure, and points to the importance of 
understanding the interplay between endogenous stem cell niches and the 
microenvironmental redox state. 
 
S01-02. Use of anti-inflammatory therapies to modulate radiation-
induced late effects. Mike Robbins, Wake Forest School of Medicine, 
USA 
 
The last twenty years or so have seen a fundamental shift in our 
understanding of the mechanism(s) involved in the development and 
progression of radiation-induced late normal tissue injury.  The classic 
target cell kill hypothesis in which radiation injury is fixed and 
untreatable has been replaced by the orchestrated response hypothesis in 
which cells are active participants in the normal cellular response to 
injury that initiates an active chronic process leading to progressive late 
injury.  Importantly, a growing body of evidence indicates that radiation-
induced late effects can be modulated.  Although the precise 
mechanism(s) involved in the development and progression of radiation-
induced late effects remain(s) unclear, there appears to be general 
acceptance of a primary role for acute and chronic oxidative 
stress/inflammation.  Despite the lack of mechanistic data establishing a 
causal link between oxidative stress/inflammation and radiation-induced 
late normal tissue injury, numerous studies have shown that administering 
a variety of drugs, including renin-angiotensin system blockers, 
peroxisomal proliferator-activated receptor (PPAR) agonists, and 
antioxidant/antioxidant enzymes can prevent and/or ameliorate the 
severity of radiation-induced late effects in a variety of late responding 
normal tissues.  Moreover, these effects appear to be selective.  Agents 
shown to modulate late normal tissue injury do not protect tumor cells 
against radiation; indeed current data suggest that these agents may well 
also possess antitumor properties.  Although these findings have yet to be 
successfully translated to the clinic, they have provided a firm rationale 
for the continued design and development of anti-inflammatory-based 
interventional approaches for the treatment of radiation-induced normal 
tissue injury. 
 
S01-03. Hypoxia and inflammation in radiation induced normal 
tissue injury. Katharina Fleckenstein, Dept. of Radiotherapy and 
Radiation Oncology University Medicine Mannheim University of 
Heidelberg, Germany 
 
In radiotherapy for cancer normal tissue tolerance limits the dose that can 
be delivered. To further enhance the therapeutic index, it is inevitably to 
understand normal tissue response to radiation. 
Advances in normal tissue radiobiology have demonstrated that radiation 
triggers a cascade of molecular events that begins immediately and 
continues to promote tissue damage. This state can be sustained for 
months to years after irradiation. 
It is well known that a burst of reactive oxygen species (ROS) initiates 
these events. It is suggested that ROS induced direct cell damage and 
involvement in complex signaling as well as cytokine induction and 
activation can lead to (focal) hypoxia and subacute/chronic inflammation. 
This in turn produces chronic oxidative stress. In case anti-oxidant 
defense mechanisms are exhausted a vicious circle produces a non-
healing wound response with insufficient tissue remodeling and vascular 
injury. This can lead to expression of functional damage with atrophy, 
fibrosis and/or necrosis long after the normal tissue was irradiated. 
An overview of radiation induced normal tissue injury with emphasis on 
normal lung reaction is presented. 
 
S01-04. Inflammation and fibrosis. Marie-Catherine Vozenin, 
InsermU1030 /IGR, France 
 
Normal tissue response to ionizing radiation is classically divided into an 
early phase characterized by acute inflammatory response thought to be 
one of the priming signals that trigger radiation-induced fibrosis; and a 
late phase characterized by chronical fibrosis. Although the molecular 
and cellular features of acute inflammation have been well described, the 
inflammatory parameters involved during the late phase are less known. 
However chronical inflammatory processes involving specific paracrine 
mediators and cellular factors are thought to be involved in the 
downstream activation of fibrogenic pathways including activation of the 
TGF-b1/Smads pathway. For instance, pro-inflammatory mediators such 
as IL-6, TNF-a and MCP1 can be tightly regulated within fibrotic tissues. 
Amongst the cellular mediators, the polarization of both lymphocytes T-
helper and macrophages (Th1 vs Th2 and M1 vs M2) can be of 
importance. Therefore using radiation-induced cardiac fibrosis as a model 
we investigated the features of chronical inflammation induced by 
increasing doses of irradiation (0; 0,2; 2 and 16 Gy) in two strains of 
mice: a wt C57Bl6 and its prone-to-inflammation littermate, ApoE KO. 
Enhanced radio-induction of IL-6 and TNF-a were measured in 
ventricular tissue of ApoE-/ - when compared to that of C57BL6, 
however this enhancement was not observed for MCP-1. In both strains, 
inflammatory infiltrates was made of leukocytes but more strain-specific 
macrophages infiltration was observed. This was associated with TGF-
b1/Smads pathway activation in cardiomyocytes of ApoE -/- at 0.2 Gy 
and above but required a dose of 2Gy in cardiomyocytes of C57BL6 
mice. These results suggests that M1-macrophages-profile that 
specifically occurs in ApoE -/- could trigger radiation-induced fibrosis 
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through TGF-b/Smad activation. Further studies are ongoing to confirm 
this hypothesis. 
 
S02. Chromatin modifications and DNA 
damage response 
 
S02-01. Histone methylation and heterochromatin protein 1 in DNA 
damage response. Jurek Dobrucki, Division of Cell Biophysics, Faculty 
of Biochemistry, Biophysics and Biotechnology, Jagiellonian University, 
ul. Gronostajowa 7, Poland 
 
Chromatin has been shown to undergo local decondensation in response 
to DNA damage. Histone modifications (\'histone code\'), including 
methylation, are important factors involved in control over chromatin 
relaxation and condensation. Heterochromatin protein 1 (HP1) is known 
to be as principal component of heterochromatin, and a factor involved in 
maintaining compaction of heterochromatin. HP1 binds to methylated 
lysine 9 on histone H3, and acts as an epigenetic regulator, and a factor 
involved in PEV (Position Effect Variegation) effect. Recently, 
dissociation of HP1 from DNA damage (Ayoub et al. 2008) as well as 
recruitment to oxidative (Zarębski et al. 2009) and other types of damage 
(Luijsterburg et al. 2009) were reported. In these experiments various 
methods of creating local photosensitised DNA damage (Hoechst, 
ethidium) and confocal time lapse imaging were used. Deletion mutant 
experiments have demonstrated that chromoshadow domain (CSD) of 
HP1 is directly involved in recruitment to damage. Since it is known that 
a chromodomain (CD) is responsible for binding of HP1 to methylated 
histone H3 tail, it can be postulated that a dynamic association of HP1 
with chromatin is terminated following damage, thus releasing 
heterochromatin from a compacted state. Subsequently, a 
posttranslationally modified HP1 is recruited to damaged DNA (in 
hetero- as well as euchromatin) and binds via CSD. Recent data confirm 
that all HP1 isoforms are recruited to various types of DNA damage 
(Luijsterburg et al. 2009) and HP1alpha may play some role in 
homologous recombination-mediated repair 1 (Baldeyron et al. 2011). 
Thus, a new picture of dynamic binding of HP1 to chromatin, and the 
roles played by HP1 in chromatin compaction, relaxation, control of gene 
expression and DNA damage response is emerging. 
Literature: 
Ayoub N, Jeyasekharan AD, Bernal JA, Venkitaraman AR. Nature 
453(7195):682-6, 2008 
Zarębski M, Wiernasz E, Dobrucki JW. Cytometry A 75(7):619-25, 2009 
Luijsterburg MS, Dinant C, Lans H, Stap J, Wiernasz E, Lagerwerf S, 
Warmerdam DO, Lindh M, Brink MC, Dobrucki JW, Aten JA, Fousteri 
MI, Jansen G, Dantuma NP, Vermeulen W,Mullenders LH, Houtsmuller 
AB, Verschure PJ, van Driel R. J Cell Biol. 185(4):577-86, 2009 
Baldeyron C, Soria G, Roche D, Cook AJ, Almouzni G.  J Cell Biol. 
4;193(1):81-95, 2011 
 
S02-02. Chromatin modifications and DNA damage response. Tej 
Pandita, UT Southwestern Medical Center, USA  
 
Chromatin, the physiological packaging structure of histones and DNA, is 
an important determinant of protein-DNA interactions, with 
consequences for DNA metabolism and transcription control. Histone 
modifications are critical for the higher order organization of DNA as 
such modifications create a natural barrier against access to DNA during 
transcription, damage repair and recombination. There is an increasing 
body of evidence relating histone modifications like phosphorylation, 
acetylation or methylation to critical roles in the DNA damage response 
(DDR) and DSB repair. Following DNA damage, chromatin structure is 
altered by (i) ATP-dependent chromatin remodeling, (ii) incorporation of 
histone variants into nucleosomes and (iii) covalent histone 
modifications. The histone code hypothesis posits that distinct 
modifications manifested at specific histone tail residues serve as 
domains for interaction with specific proteins and that such interactions 
compartmentalize chromatin into heterochromatin and euchromatin. We 
will discuss how such modifications influence DNA damage repair 
through sensing the damage and recruitment of the factors involved in 
repair thus facilitating the function of repair proteins. Although induced 
histone lysine modifications have been linked to the recruitment of DNA 
repair factors in mammalian cells, it is now becoming clear that the basal 
levels of certain histone modification are critical for DDR. We will 
discuss the role of the histone acetyl transferase MOF, and its specific 
histone acetylation at H4K16 (H4K16ac) in DDR at several stages, 
including DNA damage sensing and DSB repair by both non-homologous 
end joining and homologous recombination. 
 
S02-03. Regulation of post-translational modifications in the double-
strand break response. Jo Morris, University of Birmingham, UK 
 
Post translational modifications form the basis of the mammalian cell 
response to DNA double-strand breaks.  These modifications begin with 
phosphorylation co-ordinated by ATM followed by a cascade of 
ubiquitylation events regulated by multiple E3 ubiquitin ligases. 
Chromatin modification by ubiquitin regulated recruitment of DNA repair 
mediators such as BRCA1 and 53BP1. Our own work has shown that 
SUMO modification is also key to the recruitment and activity of DNA 
repair factors. 
I will present our recent data that indicates that the 19S proteasome is part 
of the cascade and differentially regulates the DNA damage response. 
 
S02-04. Induction, repair and misrepair of DNA double-strand 
breaks (DSBs) in the context of higher-order chromatin structure. 
Martin Falk, E. Lukáńová , S. Kozubek , L. Ńtefančíková, L. Weiterová, 
Institute of Biophysics of Academy of Sciences of CR, Czech Republic 
 
Repair of DSBs, the most deleterious DNA lesions for human health, is 
associated with a carefully regulated complex sequence of epigenetic 
chromatin modifications (CHMs). CHMs mediate specific interactions 
between repair participants as well as reorganizations of higher-order 
chromatin structure required for DSB processing. Although we have 
some knowledge about the ―biochemical‖ aspects of DSB repair, the 
relationship between the chromatin structure and repair processes remains 
unclear. 
We show that local chromatin decondensation, provoked by epigenetic 
modifications, is required to open damaged domains for huge repair 
complexes and that these changes are reverted into the original status 
before terminating the repair. We also demonstrate that chromatin 
reorganizations together with the original chromatin structure at the site 
of DSB and at pan-nuclear level influence the sensitivity to DSB 
induction, the mechanism, efficiency and fidelity of DSB repair and 
formation of chromosomal translocations: 
Using gH2AX foci as a specific DSB marker and the ImmunoFISH 
method in combination with high-resolution confocal microscopy, we 
have found that gene-poor condensed heterochromatin is less sensitive to 
DSB induction by sparsely ionizing g-rays than genetically active, ―open‖ 
chromatin domains. On the other hand, DSB repair in dense 
heterochromatin requires extensive chromatin decondensation, which is 
frequently followed by ―protrusion‖ of heterochromatic DSBs into low-
density chromatin ―holes‖. Consequently, two or more DSBs may cluster 
inside these holes and potentially form translocations. Since ―protrusion‖ 
of DSBs into a particular hole is dictated by the original chromatin 
structure around the DSB site, our mechanism of formation of 
chromosomal translocations has aspects of both the Breakage-First and 
Position-First hypothesis. 
Acknowledgement: Supported by the Grant Agency of ASCR, project 
No.: IAA500040802. 
References: 
1. Falk M et al. (2007) Chromatin dynamics during DSB repair. Biochim 
Biophys Acta MCR, 1773, 1534-45. 
2. Falk M et al. (2008) Chromatin structure influences the sensitivity of 
DNA to γ-radiation. Biochim Biophys Acta MCR 1783, 2398-2414. 
3. Falk M et al. (2010) Higher order chromatin structure in DSB 
induction, repair and misrepair. Mutat. Res. Rev., 704, 88-100. 
 
S03. Space research  
 
S03-01. Introduction. Frank Cucinotta, NASA Johnson Space Center, 
Houston, USA  
no abstract 
 
S03-02. Different responses between G0 and exponentially growing 
cells exposed to ionizing radiation. Guangming Zhou, J. Wang, B. Hu, 
W. Ye, J. He, J. Hua, Y. Zhang, N. Ding, Institute of Modern Physics, 
Chinese Academy of Sciences, China 
 
Cancer is one of the main concerns in health risk assessment of manned 
outer space exploration and lung cancer is by far the largest contributor to 
cancer risks from space radiation. Therefore, we focus on the genomic 
instability and tumorigenesis of lung cells exposed to low doses of low- 
or high- LET particles. On the other hand, cells in human body are very 
heterogeneous. Majority of the cells are differentiated and stay in G0 
phase forever while bone marrow cells and reproductive cells divide 
frequently thus a proportion of cells are still in mitosis. There are also 
several kinds of cells like liver and multipotential stem cells remaining in 
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quiescent state but reenter cell cycle when encountering exogenous 
stimuli. 
Human lung MRC-5 cells were cultured for 8 days without medium 
refreshment to obtain G0 cells. Then, cells were split and cultured for 6 
hours to allow cells enter G1 phase. Cells were split and cultured for 24 
hours to obtain exponentially growing status. 
Right after exposed to 100 kVp X-rays, 135 MeV/u carbon or 500 MeV/u 
iron particles, cell survival was evaluated with routine colony forming 
assay. Genomic instability was tracked for up to three weeks by using 
cytochalasin-B blocked micronucleus assay. The neoplastic 
transformation was investigated by using anchorage-independent growth 
assay. 
Results showed that G0 cells were much more radioresistant than 
exponentially growing cells. G0 cells presented different dose-
dependency of genomic instability and cell transformation from 
exponentially growing cells. These observations might contribute to 
accurate estimation of the risk of space radiation. DNA repair and gene 
expression were also examined to reveal the underlying mechanisms. 
 
S03-03. DNA damage and repair after low doses of charged particles. 
Maria Antonella Tabocchini, F. Antonelli, V. Dini, G. Simone, E. 
Sorrentino, M. Belli, A. Campa, G. Esposito, Istituto Superiore di Sanita, 
Italy 
 
Galactic cosmic radiation is characterized by the presence of high energy 
protons and high charge and energy (HZE) particles. Fluence rates are 
very small, of the order of a proton every few days and a HZE particle 
every month per cell nucleus, but still sufficient to deliver an average 
dose of few mSv per day. HZE particles, although much less abundant, 
are more effective than protons in damaging biological systems. It is 
thought this higher effectiveness is related to the larger probability to 
produce clustered DNA damage, in particular DNA double strand breaks 
(DSB) associated with other DSB or different lesions, within a localized 
DNA region. 
Improvement of space radiation protection requires a better understanding 
of the radiation quality dependence of the mechanisms involved in the 
biological effects of charged particles, with special attention to DNA 
damage and repair. In this contest, the limitations of physical methods in 
the study of DNA damage induced by low doses/fluences, has motivated 
the search of alternative approaches. Nowadays, immunofluorescence 
techniques, based on the use of antibodies against proteins involved in 
DNA damage response (typically g-H2AX, but also 53BP1, ATM, 
etc…), are the only ones capable to detect damage in single cells at doses 
as low as those released by one particle traversal. These techniques carry 
their own limitations, associated to the inability to discern DNA damages 
in close proximity. Also the relation between the processing of DSB and 
that of the fluorescent foci is still not yet completely clear. However, it is 
possible to estimate the DNA damage complexity by the time course the 
fluorescent foci persistence and, perhaps, by their morphology.   
In this presentation we will review the data collected in in vitro 
experiments, together with their analysis and interpretation. We will 
describe in particular our experiments performed on primary human 
fibroblasts  irradiated with protons, a-particles, C- and Fe-ions. 
Advantages and constrains related to different irradiation geometries, i.e. 
irradiation at small angle or perpendicular with respect to the cell plane, 
will be discussed. 
The use of these functional techniques is providing an important boost to 
the study of the mechanisms associated to the radiation quality 
dependence of biological effects of charged particles. 
 
S03-04. Radiation Quality Dependent Effects on Phosphorylation 
Kinetics of Proteins involved in Early DNA Damage Response. Janice 
Pluth1, D. M. Sridharan1, M. K. Whalen1, L. J. Chappell2, F. A. 
Cucinotta2, 1: Lawrence Berkeley National Laboratory, USA 2: Lyndon 
B. Johnson Space Center, USA 
 
High charge and high-energy (HZE) particles are a unique component of 
the space radiation environment and contribute significantly to the overall 
radiation dose received by astronauts. Previous studies in our laboratory 
have shown that high and low LET radiation elicit unique phospho-
protein signaling profiles. The total dose received from high LET 
radiation results from a combination of the track core, the high-energy 
delta-rays surrounding the track, and the low-energy delta-rays produced 
at some distance from the core particle. The contribution of the various 
components of high LET radiation to their biological effectiveness is 
poorly understood. We hypothesize that the fate of the cell and the 
kinetics of the signaling response will be influenced by the cell type, as 
well as the nature and complexity of the damage. 
For these studies, ions and energies were carefully chosen based on 
charge, energy, and LET to differentiate direct track effects from delta-
ray exposures, and used to determine how radiation components affect 
the activation of key proteins modified in response to radiation damage. 
To better understand the pathways triggered in response to HZE 
exposure, we have quantitatively examined phospho-protein profiles of 
various DNA repair proteins (gamma H2AX, phospho-ATF2, phospho-
SMC1) within multiple cell types at various times (0.5 to 24 h) post 
assorted radiation quality exposures using flow cytometry and 
immunofluorescent microscopy.  Flow cytometry data is ideal in that 
large numbers of cells can be analyzed on a single-cell basis and various 
statistical approaches for analysis can be applied to detect subtle 
differences in the low dose range.  In addition, the various phases of the 
cell cycle can be analyzed separately to determine how cell cycle may 
influence the profiles obtained. 
Our results indicate that phospho-protein kinetics and the magnitude of 
the cellular response in different cell types varies dependent upon cell 
type and radiation quality. Quantitative evaluation of early signaling 
mechanisms in the context of the quality of HZE radiation will promote 
better understanding of the risk associated with high LET exposure. 
 
S03-05. Hippocampal Neurogenesis and Contextual Fear Response in 
C57BL/6 Mice Exposed to 2 Gy Whole Body Protons. M. Kerry 
O'Banion, A. Hein, T. Sweet, S. D. Hurley, M. Wu, L. Trojanczyk, J. A. 
Olschowka, J. P. Williams, University of Rochester, USA 
 
A major concern of deep space travel includes untoward effects of 
protons and heavy ions on the brain.  We have previously examined the 
effects of low to moderate doses of whole body irradiation with gamma 
rays and heavy ions (56Fe) on adult hippocampal neurogenesis and gene 
expression in young C57BL/6 mice.  We found a clear decline in 
hippocampal neurogenesis measured by both BrdU incorporation and 
doublecortin staining for neural precursors with doses of 1 Gy and 
above.  In the current study we carried out similar experiments using 1 
GeV/n protons at the NASA Space Radiation Laboratory, Brookhaven 
National Laboratories.  Unanesthetized 10-12 week old male C57BL/6 
mice were irradiated with 10, 20, 50, 100 or 200 cGy single dose protons 
and sacrificed at time points up to 12 months post-irradiation.  Sham-
irradiated mice served as negative controls.  Specific endpoints included 
measures of hippocampal neurogenesis, hippocampal-dependent learning 
using contextual fear conditioning, and markers of 
neuroinflammation.  We found evidence of decreased body weight gain 
starting at 6 months in mice receiving doses of 50 cGy and higher, as well 
as decreased hippocampal neurogenesis based on counts of BrdU labeled 
neural cells in the dentate gyrus.  Despite these clear effects of radiation, 
we did not detect radiation-associated changes in contextual fear 
conditioning, a hippocampal dependent behavior.  Further 
characterization of tissues is underway. 
Supported by NASA Space Radiation Biology Program Grant 
NNX08BA09G. 
 
S04. Radiation and immune response 
modifiers  
 
S04-01. Defining a role for body temperature in cytokine regulation 
and neutrophil homeostasis following total body irradiation. Elizabeth 
Repasky, M. Capitano, M. Nemeth, T. Mace, P. McCarthy, Roswell Park 
Cancer Institute, USA 
 
Important immunological barriers to infection, the gut mucosa and the 
skin, as well as the hematopoietic compartments are damaged by total 
body irradiation (TBI) exposures. This leaves those exposed to sufficient 
doses of radiation highly susceptible to infection and new strategies are 
needed that can safely and rapidly boost peripheral leukocyte numbers in 
order to prevent illness or death from microbial invaders.    
We hypothesized that mildly elevating core temperature, which we and 
others have shown previously to alter leukocyte numbers and migration 
patterns, following a non-myeloablative dose of TBI, will enhance 
immune reconstitution through a thermally sensitive, cytokine driven 
bone marrow release of granulocytes to the peripheral blood.  
The following observations support this hypothesis: C57BL/6 mice were 
given TBI (3Gy) followed 2 hours later by a mild heating (where core 
body temperature was elevated to 39.5°C).  In mice that were heated 
following TBI, a significant increase in recovery rate of peripheral blood 
granulocytes was observed by day 8 compared to mice that received 
radiation alone or heating alone.  In addition, G-CSF concentration was 
increased two fold in the serum of radiated/heated mice correlating with 
the increased granulocyte recovery.  G-CSF production was driven by IL-
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17 production in the intestine seen only when radiation was followed by 
heat treatment.  IL-17 was later confirmed to be necessary for the thermal 
enhancement of neutrophil recovery when the effect of heating after 
radiation was lost in the IL-17R knockout mouse model. Flow analysis of 
the bone marrow from wild type mice revealed comparable percentages 
of hematopoietic stem cells in the control (63.3±2.8% of LSK were 
CD34-) and the radiation/heat-treated groups (62.0±1.2% of LSK were 
CD34-); however, there was a significantly lower percentage of 
hematopoietic stem cells in the bone marrow of the radiation-alone group 
(43.4±1.7%; p<0.003). Flow analysis revealed that increasing core body 
temperature following total body irradiation increased the overall 
percentage of granulocyte-macrophage progenitors when compared to 
control and radiation-alone groups (12.4±2.1% vs. 6.7±1.3% and 
7.67±2.1%; p<0.025).  This increase in progenitor percentages in 
radiated/heated mice is associated with an increase in overall number of 
CFUs (45±3.8) when compared to radiation alone (32±4.3). 
These data reveal a previously unexplored role of body temperature in 
regulation of hematopoiesis and marrow output following stress and may 
help in the development of novel, clinically applicable strategies to 
ameliorate the effects of TBI.  Supported by NIH P01 CA94075 and R01 
CA71599 
 
S04-02. Cancer cells stressed by radiotherapy become targets for 
CD8 T cells activated by anti-CTLA-4 treatment. Sandra Demaria, 
New York University School of Medicine, USA 
 
We have previously shown in mice models of poorly immunogenic 
tumors that a therapeutic strategy combining local radiotherapy (RT) with 
antibody targeting the co-inhibitory CTLA-4 receptor on T cells had 
synergistic anti-tumor effects (Demaria et al. Clin. Cancer Res 2005, 
11:728-734). The anti-tumor response was largely mediated by effector 
CXCR6+ CD8 T cells. Increased T cell recruitment by RT-induced 
CXCL16 chemokine was required for efficient rejection of the irradiated 
tumor (Matsumura et al. J Immunol  2008, 181:3099-3107).  RT has been 
shown to induce an immunogenic tumor cell death and modulate the 
expression of several cell surface molecules on surviving tumor cells. 
To determine if RT-induced changes influence the interaction between T 
cells and tumor cells we studied the behavior of T cells infiltrating the 
poorly immunogenic 4T1 tumors by intravital two-photon laser scanning 
microscopy (TPLSM). To visualize the endogenous anti-tumor T cells we 
used transgenic mice expressing green fluorescent protein (GFP) under 
the control of CXCR6 promoter. To visualize tumor cells, we transduced 
4T1 cells with a retroviral vector expressing the cyan fluorescent protein 
(CFP). 
We found that while both RT and anti-CTLA-4 ligation given as 
monotherapy increased the motility of activated CD8 T cells infiltrating 
4T1 tumors the combination of RT with anti-CTLA-4 promoted increased 
arrest of tumor-specific T cells with tumor cells. The latter required 
interaction of NKG2D on CD8 T cells with its ligand retinoic acid early 
inducible-1 (Rae-1), which was up-regulated by radiation on the tumor 
cells. Blocking NKG2D-Rae-1 interactions increased markedly the 
motility of anti-CTLA-4 treated T cells within irradiated tumors 
inhibiting their contact with tumor cells, and abrogated immune-mediated 
tumor rejection. 
These results demonstrate the critical role of radiation-induced NKG2D 
ligands for the anti-tumor effects of anti-CTLA-4 in the setting of a 
poorly immunogenic tumor, and provide a molecular mechanism 
underlying the effectiveness of combined RT and anti-CTLA-4 treatment. 
 
S04-03. The Tipping Point for Combination Therapy: Cancer 
Vaccines with Radiation. James Hodge, National Cancer Institute, NIH, 
USA 
 
Local radiation is an established therapy for human tumors. Radiation 
may also act synergistically with immunotherapy to enhance immune 
responses, inhibit immunosuppression, and/or alter the phenotype of 
tumor cells, thus rendering them more susceptible to immune-mediated 
killing. As monotherapies, both immunotherapy and radiation may be 
insufficient to eliminate tumor masses. However, following immunization 
with a cancer vaccine, the destruction of even a small percentage of 
tumor cells by radiation could result in cross-priming and presentation of 
tumor antigens to the immune system, thereby potentiating antitumor 
responses. This talk will discuss a) mechanisms by which many forms of 
radiation therapy can induce or augment antitumor immune responses, b) 
preclinical systems that demonstrate that immunotherapy can be 
effectively combined with radiation therapy, and c) current clinical trials 
where standard-of-care radiation therapy is being combined with 
immunotherapy. Capitalizing on the immunological effects induced by 
radiation treatment by adding potent antitumor vaccines may lead to 
synergistic approaches to cancer management that offer feasible, well-
tolerated therapeutic options for cancer patients.  
 
S04-04. Distinct in vivo responses of tumor-associated macrophages 
to irradiation. Chi-Shiun Chiang1, F. Cehn1, S. Fu1, S. Wang1, C. Yu1, J. 
Hong2, 1: National Tsing Hua Univeristy, Taiwan, 2: Chang-Guang 
University, Taiwan 
 
Macrophages display different phenotypes with distinct functions and can 
rapidly respond to environmental change. Tissues can re-orchestrate their 
components in response to the damages from ionizing radiation in a dose, 
space, and time dependent fashion.  It is expected that the functions of 
macrophages within tumor tissues, so called tumor-associated 
macrophages (TAMs), will be altered in response to the spatial and 
temporal changes of tumor microenvironment following radiation therapy 
(RT).  Indeed, we found that distinct subtypes of TAMs are redistributed 
to different locations associated with hypoxia or necrosis in 3 murine 
tumors, TRAMP-C1 prostate adenocarcinoma, ALTS1C1 astrocytoma, 
and GL261 glioma, following RT.  This distribution was not observed in 
tumors receiving chemotherapy or anti-angiogenesis agent. The specific 
spatial distribution of sub-types of TAMs also occurs in tumors growing 
from pre-irradiated tissues. When this unique TAM distribution pattern in 
irradiated tumors is interfered by targeting specific subtype of TAMs, 
radiation-induced tumor growth delay is enhanced.   This indicates that 
irradiated-tissues have distinct microenvironment in favoring the 
development of M2 TAMs. Our current work focuses on characterizing 
the changes of tumor microenvironment following irradiation, identifying 
the responses of TAMs to these changes, searching factors that drive 
TAMs to promote tumor re-growth, and defining specific subtype of 
TAMs responsible for this effect. (This study is supported by NHRI-
EX100-9827BI, NSC99-2627-M-007-008, and NSC98-2628-B-182-002-
MY3 
 
S05. RRS President's symposium - biological 
significance of complex DNA damage: 
physics, chemistry and biology of complex 
damage 
 
S05-01. Modelling of DNA damage dependence on radiation quality. 
Andrea Ottolenghi1, D. Alloni 2, L. Giovanni Mariotti 3, W. Friedland4, K. 
M. Prise 5, G. Schettino 6, 1: Università of Pavia, Dipartimento di Fisica 
Nucleare e Teorica and INFN, Italy, 2: Università di Pavia, Laboratorio 
Energia Nucleare Applicata & Dipartimento di Fisica Nucleare e Teorica 
& INFN, Pavia, Italy, 3: Università di Pavia, Dipartimento di Fisica 
Nucleare e Teorica & INFN, Pavia, Italy, 4: Helmholtz Zentrum 
München, Institute of Radiation Protection, Neuherberg, Germany, 5: 
Centre for Cancer Research and Cell Biology, Queen‘s University, 
Belfast, UK, 6: Centre for Cancer Research and Cell Biology, Queen‘s 
University, Belfast, UK  
 
We report the results of an investigation on the role of radiation quality 
and track structures in inducing DNA damage. A theoretical investigation 
on the induction of DNA damage in terms of DNA fragmentation spectra 
is presented, together with an evaluation of RBE for different radiation 
qualities. To allow the study of low dose effects, preliminary results on 
DNA damage evaluated through γH2AX, will also be discussed. 
DNA fragmentation calculated using the PARTRAC code, will be 
presented for different radiation types (different LETs and different 
specific energies). Furthermore, the characteristics of these spectra, and in 
particular the high number of short fragments (less than 1 kbp), obtained 
by the simulations, will be analysed and compared with available 
experimental data. The results of the integration between experimental 
and theoretical methods will be discussed. 
It is known that DNA fragmentation studies require doses above a few 
grays and a DNA molecule free of histones and other proteins, usually 
obtained by a high temperature lysis condition that can elicit a 
temperature-induced damage response (such as the labile sites, i.e. breaks 
in the DNA strands induced by the high temperature level reached during 
the experimental procedure). For these reasons, the availability of 
different experimental techniques is considered important, in order to 
investigate the radiation DNA damage induced by low doses of radiations 
of different qualities (typically in the order of fractions of a gray). The 
number of double strand breaks induced after irradiation could be roughly 
estimated (at least for low doses) counting the number of induced foci. 
However, also because the induction of foci is a biochemical process 
involving both formation and loss of foci there is never an exact 
correspondence between the number of DBSs and the γH2AX, even for 
ORAL PRESENTATIONS 
 24 
X-irradiation. In this work we investigated the induction and the 
disappearance of γ-H2AX foci after irradiation with X-rays and alpha 
particles. After a preliminary investigation concerning the size and the 
shape of the different foci, the main objective of the work was to quantify 
(experientially and theoretically) the different kinetics of the phenomena 
and the different residual amount of foci after 24 hours of irradiation. 
This work was partially supported by the European Commission (FP7 
EURATOM projects "EPIRADBIO" and "DOREMI") 
 
S05-02. The pros and cons of processing clustered DNA damage sites. 
Martine Lomax1, S. Cunniffe1, L. Eccles1, E. Smirnova1, V. Shah2, M. 
Greenberg2, P. O‘Neill1, 1: Gray Institute for Radiation Oncology and 
Biology, University of Oxford, ORCRB, Roosevelt Drive, Oxford, OX3 
7DQ, UK., UK, 2: Organic and Bioorganic Chemistry, Johns Hopkins 
University, Baltimore, MD 21218, USA 
  
A signature of ionizing radiation exposure is the induction of DNA 
clustered damaged sites, defined as two or more lesions within one to two 
helical turns of DNA by passage of a single radiation track. Synthetic 
oligonucleotides containing DNA lesions at known positions have been 
used to investigate the efficiency of the base excision repair (BER) 
pathway to repair clustered DNA damaged sites. The repair of an abasic 
(AP) site is severely impaired when two 8-oxo-7,8-dihydroguanine (Go) 
lesions are in close proximity to an AP site on the opposing DNA strand. 
In addition, Go in close proximity, on the opposing strand to the long 
patch BER substrate tetrahydrofuran (THF- an AP site analogue) or 2-
deoxyribonolactone (dL- a radiation induced oxidised AP site) can impair 
the efficiency of repair of the THF or dL, by long patch BER. In all of 
these cases the lesions are repaired sequentially, thus preventing the 
formation of DSB. In contrast, two bistranded AP sites result in the rapid 
formation of double strand breaks (DSB) except when separated by up to 
two bases in a positive orientation, even in the presence of 8-oxoG. These 
results show that non-DSB clustered damaged sites compromise the base 
excision repair pathway leading to the lifetime extension of the lesions 
within the cluster, compared to isolated lesions. The efficiency of 
mutation induction of the clustered lesions was assessed in an E.coli 
based assay and compared to that of the lesions in isolation. The mutation 
frequency of the clustered DNA damage sites that do not lead to DSB in 
the repair assay increased by five to ten fold compared to the mutation 
frequency of the isolated lesions. As the efficiency of repair of lesions 
within the clustered damage site is reduced the lesions have a longer half 
life and are thus more likely to be present at replication, leading to 
replication induced mutations. In addition, DSB are formed in E. coli 
from some clustered DNA damage sites, leading to loss of plasmid and a 
reduction in the transformation efficiency of E. coli. These studies give 
insights into how the processing of ionizing radiation induced non-DSB 
clustered damage can lead to mutations or DSB, and ultimately genetic 
instability or cell death. Steps in the BER pathway may be identified that 
can be exploited to increase the chances of DSB formation to increase the 
efficiency of the treatment of cancer by radiotherapy. 
 
S05-03. Formation and consequences of complex DNA lesions using 
radiation with different LET. Kecke Elmroth, Gothenburg 
University/Department of Oncology, Sweden 
 
It is now evident that high-LET radiation qualities such as alpha-particles 
and ions cause increased yields of double-strand breaks (DSBs) compared 
with low-LET radiation, as determined using methods that include 
measurement of correlated breaks. This is the result of clustering of 
lesions along the track within chromatin structure of the nucleus in 
eucaryotic cells, and typical RBE values for DSB induction between 1.4 
and 3 have been reported. Besides prompt DSBs, another type of complex 
lesion is now under investigation, i.e. non-DSB clustered lesions, defined 
as 2 or more damages formed within 10-20 bp. The yield of bistranded 
non-DSB clustered lesions varies with radiation quality, and RBE values 
<1 have been reported. Clustered lesions are believed to contribute to 
mutagenic processes since repair may be compromised, but the pathways 
involved in repair are not yet identified and the biological significance of 
this type of complex damage in intact cells is not revealed. 
  
Here, formation and repair of prompt DSBs and non-DSB clustered 
lesions, induced on opposite DNA strands, after irradiation with different 
radiation qualities (alpha-particles, 125I and heavy ions) are discussed, as 
well as some biological consequences, with special emphasis on 
modulating factors such as chromatin compactness and proliferation 
status. Normal fibroblasts at low passage number were used and DSBs 
and non-DSB clustered lesions were obtained by pulsed-field gel 
electrophoresis. In the case of high-LET irradiation fragment analysis was 
used to assess correlated breaks. Some of our latest findings will be 
presented. 
 
S05-04. New insights into the processing of oxidatively induced 
clustered DNA lesions. Clinical applications? Alexandros Georgakilas, 
Biology Dep./East Carolina University, USA 
 
Human beings are daily exposed to background radiation and various 
sources of oxidative stress. Research has focused the last decade on the 
effects of ionizing radiation on DNA which is considered as the key 
target of any radiation in the cell. Ionizing radiation and endogenous 
sources of cellular oxidative stress can also induce closely spaced 
oxidatively-induced DNA lesions called \'clusters\' of DNA damage or 
Locally Multiple Damage Sites (LMDS) as first introduced by John 
Ward. 
There are limited data on the use of the DNA damage molecular assays 
for the detection of bistranded non-double strand break (DSB) oxidative 
clustered DNA lesions (OCDLs) in vitro or in vivo. Our laboratory has 
provided a novel adaptation of neutral single cell gel electrophoresis 
(Comet assay) or pulsed field gel electrophoresis to measure these unique 
types of lesion and their repair. Thus far, our research has contributed to 
the identification of novel DNA repair pathways for OCDLs, as well as 
uncovering different strategies that these mutagenic and repair resistant 
lesions are processed by the cell or human tissue. By this way, 
meaningful insights can be discovered for the biological and clinical 
application of DNA damage clusters. In this presentation, I will focus on 
new insights and findings on the induction and processing of these types 
of complex DNA damage in the cells and mammalian tissues and 
potential clinical applications. 
 
S06. Radiation damage to biomolecules (I): 
peptides, proteins, membrane lipids.  
 
S06-01. Radiation damage in macromolecular crystallography: 
current challenges. Elspeth Garman1, I. Carmichael2, 1: Dept of 
Biochemistry, University of Oxford, UK 2: Notre Dame Radiation 
Laboratory, UK 
 
Three-dimensional structures of biological macromolecules are largely 
determined by crystallography: intense synchrotron produced X-ray 
beams of around 13keV energy are used to measure the diffracted 
intensities of reflections from crystals of the molecule of interest, and the 
structure is solved by obtaining phase information by a variety of 
methods. The crystals typically have between 30% and 70% solvent 
content, contained in channels between the macromolecules. 
Protein crystals at room temperature (RT) suffer radiation damage during 
the diffraction experiment even on a laboratory X-ray source. In the past, 
the required data had to be collected from several different crystals and 
merged together, but the intense X-ray beams from modern synchrotrons 
can destroy crystalline order in seconds. Over the last 20 years, the use of 
cryo-cooling techniques which allow X-ray data to be collected with the 
sample held in a stream of cooled nitrogen gas at 100K, has become the 
norm; at 100K crystals can withstand around 70 times the dose [1] 
compared with RT (depending on the dose rate [2]), and the necessary 
data can usually be obtained from a single crystal. 
However, observations of degradation of crystal diffraction with 
increasing radiation dose at 100K have now become commonplace at 
third generation synchrotrons. Researchers seek to understand the 
physical and chemical processes involved in this damage (reviewed in 
[3]), which manifests itself in a number of different ways, including: 
changes in crystal colour, decreasing diffraction power with dose, a small 
but measurable linear increase in unit cell volume, and specific structural 
damage to covalent bonds in the amino acids of the protein molecules. 
Enzyme active sites seem particularly sensitive to damage, a phenomenon 
which potentially generates misleading information on biological 
mechanisms. Thus the issue of radiation damage has recently become a 
concern for all structural biologists. 
The radiation chemistry of the processes important in a 100K protein 
crystal is poorly understood: current investigations and results will be 
presented. 
[1] RL Owen E Rudiño-Piñera & EF Garman (2006) PNAS 103, 4912-17 
[2] R Southworth-Davies MA Medina I Carmichael & EF Garman (2007) 
Structure 15, 1341-51 
[3] EF Garman (2010) Acta Cryst. D66, 339-51 
 
S06-02. Formation and repair of protein radicals. Role of thiyl 




As radicals play a role in ageing and diseases, it is of considerable interest 
to delineate the processes that take place as soon as a radical is 
formed.  Given their preponderance in cells, protein radicals are more 
likely to be formed than DNA or membrane radicals.  Initiators are NO2
· 
and CO3
·- from the reaction of ONOO- with CO2, and HO
· from the 
Fenton reaction. Then, what is the fate of a radical randomly generated on 
the surface of a protein?  Three paths are possible: it is repaired by the 
antioxidants monohydrogen ascorbate (Hasc-), urate or glutathione 
(GSH), it reacts with O2, or it oxidises another amino acid nearby.  In the 
case of histones around DNA, one can envision formation of nucleotide 
radicals by intermolecular electron transfer to a protein radical.  
Reaction of a dioxyl radical with an antioxidant breaks the radical chain 
reaction, but yields a hydroperoxide which may later engage in 
deleterious reactions.  By time-resolved spectroscopy - flash photolysis 
and pulse radiolysis - we have investigated protein repair processes.  GSH 
generally reacts too slowly to prevent damage.  In addition, the 
glutathione thiyl radical oxidises rapidly its own a- and b-hydrogens: kf = 
3•105s–1 and kb = 7•10
5 s–1, with K = 0.4.  We estimate that the 
equilibrium ratio of S- : beta- : alpha-centered radicals is, very 
approximately, 8 : 3 : 1.  Due to the reaction of C-centred radicals with 
O2, the S-centred radical is less available for the well-established reaction 
with thiols to form disulfides and O2
·-; in addition, formation of dioxyl 
radicals leads to depletion of GSH.  Hasc- repairs radicals faster than 
GSH by a factor of ca 103.  The former is able to prevent intramolecular 
electron transfer from Tyr to Trp·.  Given the physiological 
concentrations of Hasc-, repair may be competitive with dioxyl 
formation.  Similar to Hasc-, urate repairs Trp and Tyr radicals in solution 
and in proteins with rate constants of up to 108 and 109 M–1 s–1, 
respectively.  However, repair by urate is strongly dependent on the 
protein.  Urate inhibited electron transfer from Tyr to Trp· in 
chymotrypsin, but not in pepsin.  Both Hasc- and urate reduce amino acid 
dioxyl radicals.  While reduction by Hasc- is an overall 2nd-order reaction, 
k » 107 M–1s–1, that by urate is 0-order in urate k » 103 s–1.  Both GS· and 
urate radicals oxidise Hasc-, which results in depletion of this antioxidant. 
 
S06-03. A new biomimetic model of free radical reactivity in lipids. 
Branka Mihalević1, I. Tartaro-Bujak1, C. Ferreri2, C. Chatgilialoglu2, 1: 
RuĎer Bońković Institute, Croatia, 2: ISOF, Consiglio Nazionale delle 
Ricerche, Bologna, Italy 
 
The modeling of free radical reactions under naturally occurring 
conditions has become a basic step in the research of fundamental 
mechanisms of biological processes. The far most known process 
regarding polyunsaturated fatty acids (PUFA) is the peroxidation process 
which is generally considered to be the major mechanism of cell injury in 
organisms subject to oxidative stress. A much recent research deals with 
the geometrical isomerization of PUFA, evidencing that the cis double 
bond configuration is a inherent characteristic of membrane lipids which 
can be altered by radical stress. In view of the fact that these processes in 
lipids are the most relevant chemical processes occurring to PUFA, it is 
very useful to perform model studies where both processes occur. We 
have established the simplest biomimetic model of cell membrane, the 
micelles of linoleic acid (LH), prepared by addition of a non-ionic 
surfactant (TWEEN®-20) and the resulting solutions were irradiated by 
ionizing radiation up to 400 Gy under a variety of conditions where thiyl 
radicals are the main reactive species. The irradiation-induced 
peroxidation and trans isomerization in our model systems under 
controlled oxidation conditions have been studied. The concentrations of 
hydroperoxide of linoleic acid (LOOH) were determined using the 
spectrophotometric ferric thiocyanate method, while geometrical isomers 
were analyzed by GC using known conditions for the separation of cis 
and trans isomers. 
Data on relative importance of these processes in this competitive 
environment have been considered. This lecture will demonstrate that 
hydroperoxy- and trans-PUFA can be the resulting effect of oxidative 
free radical conditions. While under anaerobic conditions only the cis-
trans isomerization was observed, in air-equilibrated solutions a 
substantial amount of LOOH was produced and the cis-trans 
isomerization process was still observed, e.g., irradiation of 500 mikroM 
of LH at 400 Gy and dose rate of 4.6 Gy/s gave 20 mikroM of LOOH and 
10% conversion of LH into mono-trans isomers. 
The effect of micelle size will be discussed in order to gather data on the 
effect of supramolecular organization for the outcome of the two 
processes, and in particular, to envisage any positional preference of the 
two double bond. 
 
S06-04. Fatty acid composition of muscle tissue measured in 
amphibians living in radiologically contaminated and non-
contaminated environments. Marilyne Stuart1, C. Ferreri2, S. Kim1, A. 
Festarini 1, J. Carr1, 1: AECL, Canada 2: I.S.O.F. –BioFreeRadicals, 
Consiglio Nazionale delle Ricerche, Italy 
 
Fatty acid composition was identified as a potential biological indicator 
of effects for environmental exposure to radiological contaminants.  This 
end point was measured in muscle tissues of Mink frog (Rana 
septentrionalis) obtained from a radiologically contaminated pond and a 
non-contaminated pond.  It was also measured after the frogs obtained 
from both ponds were exposed to a 4 Gy cobalt-60 gamma radiation dose 
delivered in vivo at a dose rate of about 8 Gy/min).  Differences in muscle 
fatty acid composition were observed between contaminated and non- 
contaminated frogs.  It was also shown that the contaminated and non- 
contaminated frogs responded differently to exposure to an acute high 
dose of cobalt-60 gamma radiation.  Fatty acid composition was found to 
be a sensitive marker that may be useful to study and monitor biota health 
in environments that are radiologically contaminated.  
 
Conference lectures CL01 - CL06 
 
CL01. Chernobyl effects: what do we know after 25 years? Richard 
Wakeford, The University of Manchester, UK 
 
On 26 April 1986, an explosion in the core of the reactor in Unit 4 of 
Chernobyl nuclear power station in Ukraine, and the subsequent fire in 
the core that burned for ten days, released radioactive material that caused 
heavy contamination in areas in the vicinity of the site and lesser 
contamination throughout much of Europe, the levels depending on wind 
direction and deposition from the plume that was enhanced by rain.  Early 
emergency workers received high doses of radiation, and these doses 
were sufficiently high for 134 workers to develop acute radiation 
syndrome, resulting in 28 deaths.  The release to atmosphere of 
radioisotopes of the volatile element iodine was the major problem for 
populations in the worst affected areas of Ukraine, Belarus and the 
Russian Federation, and many children received doses to their thyroid 
glands of around 1 Sv or more, which has caused a major part of the 6000 
cases of thyroid cancer that occurred in this highly exposed group over 
the 20 years since the accident, with many more cases to come if the 
present thyroid cancer radiation risk models are correct.  Risk estimates 
obtained from studies of those exposed to Chernobyl radioiodine are 
broadly compatible the estimates obtained from children exposed to 
external sources of radiation.  However, doses to other tissues from 
external irradiation from deposited radionuclides and from intakes of 
radioactive material such as the radioisotopes of caesium were much 
lower, and currently the evidence for an excess risk of other cancers is not 
persuasive, although there are indications of excesses of childhood 
leukaemia and breast cancer in the heavily contaminated areas of the 
former USSR.  About 600 000 ―liquidators‖ were involved in emergency 
and recovery work, and those working in the first year after the accident 
tended to receive the highest doses.  Studies of these liquidators are not 
straightforward because of the real possibility of ascertainment bias 
arising from the interest in health effects in these workers, but 
appropriately conducted studies have provided evidence of an excess risk 
of leukaemia, although the interpretation of this evidence is not 
unequivocal.  Evidence also exists for an excess of eye cataracts and 
blood circulatory system disease in these workers.  The psychological 
impact of the accident is also readily apparent, especially among mothers 
of young children.  In conclusion, the health effects of radiation exposure 
from the Chernobyl accident have not been as great as feared in its 
immediate aftermath, but the excess of thyroid cancers is substantial. 
 
CL02. A sticky matter: ECM and radiation cell survival. Nils Cordes, 
OncoRay - National Center for Radiation Research in Oncology, Dresden 
University of Technology, Germany 
 
Tumor therapy resistance remains a major obstacle in the fight against 
cancer. Aside from genetic alterations, both the microenvironment and 
the stroma of a malignant tumor were found to critically contribute to the 
acquisition and maintenance of the resistance phenotypes. During the last 
decade, compelling data have been accumulated showing how 
interactions between cells and the surrounding extracellular matrix 
(ECM) hamper radiation-induced cell death. While cell adhesion 
receptors of the integrin family are central to this process due to their 
adhesion and signaling function, further signaling and adapter molecules 
localized at the membranous cell-ECM interaction sites, called focal 
adhesions, have been identified as key regulators of the cellular 
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radiosensitivity. Prime examples of such molecules are Particularly 
Interesting New Cysteine-Histidine-rich 1 (PINCH1), Integrin-Linked 
Kinase (ILK) or Focal Adhesion Kinase (FAK). We and others 
demonstrated that specific targeting of these proteins essentially 
modulates the survival and proliferation of normal and tumor cells upon 
exposure to ionizing radiation. Due to frequent overexpression and/or 
hyperactivity of these proteins, current research aims at clarifying their 
role as potential cancer targets. Latest findings and methodology add 
emerging novel insights and facets to this scenario. For example, 
investigations of the repair of DNA double strand breaks (DSB) in 
hetero- versus euchromatic DNA regions exhibited a similar distribution 
of DSBs in three-dimensional (3D) ECM cell cultures and tumor 
xenografts in contrast to conventional 2D cell cultures. Moreover, the 
total number of residual DSBs is significantly lower in 3D than in 2D, an 
observation in line with increased clonogenic survival in 3D as well as 
reduced levels of lethal chromosomal aberrations. Another point of 
concern is the cooperative and mutual interaction in cell adhesion 
receptors, e.g. integrins, and transmembrane growth factor 
receptors/receptor tyrosine kinases (RTK). RTKs co-localize together 
with integrins at focal adhesion sites, which renders optimal regulation of 
cell functions feasible. Newest data in human head and neck squamous 
cell carcinoma cells suggest differential expression, phosphorylation and 
susceptibility to the anti-EGFR antibody Cetuximab and its potential for 
radiosensitization. The usage of cell culture models better reflecting 
physiological growth conditions, a concept many decades commenced by 
multicellular spheroids, has now been complemented by ECM-based 3D 
cell culture models that enable molecular analysis on both single and 
multicellular cell level. Particular translational work will hopefully show 
whether and how our current radiobiology knowledge reflects reality and 
what actions can be undertaken to overcome radioresistance of tumor 
cells with concomitant sparing of normal tissue. 
 
CL03. Clinical relevance of the immune response. Silvia Formenti, 
NYU School of Medicine and NYU Cancer Institute, USA 
 
Advances in understanding cancer immunity have indicated that the 
patient‘s own immune system is an important contributor to the success 
of classical anti-cancer therapy, both in terms of local and systemic 
control.  Particularly, evidence is emerging that the killing effect of 
standard modalities can be strategically directed toward 
an  ―immunogenic‖ cell death, converting the irradiated tumor into an 
individualized vaccine. The corollary provides a surprising route to 
controlling metastatic disease and is a paradigm shift with direct clinical 
implications: by effectively immunizing  the patient to his/her own tumor 
the right cancer therapy can also prevent or delay active systemic disease.  
Central to this is the need to induce immune system ‗danger signals‘ to 
convert anti-tumor activity from smoldering to high intensity.  While both 
chemo and radiation therapy-induced cancer cell death is sensed by the 
host‘s immune system, radiotherapy has the distinct advantage of being 
restricted to the tumor site. 
Our group has shown that local ionizing radiation therapy (RT) can be 
successfully combined with immunotherapy strategies to enable the 
immune system to reject the tumor and results in responses outside the 
irradiated field (abscopal effects). We demonstrated in multiple syngeneic 
murine models the abscopal effect of combining radiotherapy with 
the blockade of co-inhibitory receptor CTLA-4, or with TGF-beta 
blockade.  Similar results could be achieved with strategies that enhance 
the immune response of the host, like the addition of Flt3 ligand or Toll-
Like Receptor agonists. Moreover, our group has identified a preferential 
dose/fractionation regimen of radiation to achieve the abscopal effects. 
This work has been translated to the clinic with initial promising results. 
For instance, in a trial of combining RT to a metastatic site with GM-
CSF, 11/27 patients demonstrated an objective response outside the 
irradiated field, and in another study in situ tumor vaccination with a 
TLR9 agonist  and RT induced systemic anti-lymphoma clinical 
responses (Brody JD , Journal of Clinical Oncology 2010). 
In conclusion, a novel application of RT has emerged as a strategic 
partner in the immunotherapy of established cancer. 
 
CL04. Chronic exposures, multiple stressors and other 
uncomfortable issues in radiation protection. Carmel Mothersill, 
McMaster University, Canada 
 
Ever since the acceptance that non-targeted effects  (NTE) can be 
measured in unirradiated cells or distant progeny of irradiated cells, the 
discussion has developed about the relevance of these effects for 
radiobiology and radiation protection since they increase the complexity 
of the radiation response and allow for outcomes which are not as 
predictable as they were under the ―old rules‖.  For the purposes of this 
presentation, NTE are defined as effects not associated with DNA lesions 
due to energy deposition in the cell showing the effect and so include 
genomic instability and bystander effects. Specific examples which will 
be presented are (i) the data showing that bystander mechanisms are 
either on or off in cells and that the ―on‖ threshold appears to be at a very 
low dose (mGy range), (ii) the data suggesting that adaptive responses are 
induced not only in neighbouring cells but in organisms which receive 
bystander signals and (iii) the data showing that chronic exposures to 
alpha or gamma irradiation lead to complex responses in organisms 
which can be adaptive and protective, (iv) evidence suggesting that mixed 
contaminant exposures which include radiation can have sub-additive or 
synergistic effects. Apart from the practical relevance of NTE a major 
area of interest is the intrinsic relevance of these mechanisms in biology. 
Arguments will be made in this presentation, that NTE may call into 
question not only radiation effects paradigms such as the linear-non-
threshold model (LNT), but may also have relevance to wider 
mechanisms in cancer biology, population ecology and evolutionary 
biology concerning process of selection, the transmission of heritable 
traits, the relevance of ―social‖ interactions between cells, organisms and 
populations and the mechanism by which cells/organisms respond rapidly 
to environmental stress. This presentation will also argue that a key 
consequence of findings in NTE biology is that at any given level of 
organization, from gene to ecosystem – communication of stress signals 
and heritability of stress adaptations provide the bridges linking one 
hierarchical level to the next and enable the rapid propagation of change 
triggered by stress at one level, resulting in change at a higher (or lower?) 
level. 
 
CL05. Nanotechnology in cancer therapy. Haifa Shen, The Methodist 
Hospital Research Institute, USA 
 
I will present our advances in the use of multistage delivery vectors 
(MSV) for breast cancer therapy.  Successful cancer treatment demands 
that drugs are delivered to the right place at the right time, without 
causing significant collateral damage in order to achieve a sufficient 
therapeutic index.  Many systems are being developed as intravascular 
carriers to enhance tissue-specific drug delivery.  However, the biological 
barriers inside the body pose a great challenge to achieve this goal. The 
multi-stage vectors were designed to accomplish the simultaneous 
objectives of deploying molecularly targeted therapeutic payloads, while 
also achieving a high degree of penetration across the multiple, sequential 
biological barriers which adversely affect the body distribution of all 
agents of therapy, drugs and nano-carriers alike.  These are particle-in-
particle ―Russian Doll‖ systems, with each stage designed to provide 
transport across a set of sequential biological barriers, and provide 
associated levels of targeting specificity. We have demonstrated well-
controlled and highly reproducible manufacturing techniques for the 
MSV, and the complete, harmless, and time-tailored degradation of their 
components.   We have extensively studied the subcellular trafficking and 
transport properties of the MSV and their sub-components, demonstrating 
in particular their ability to deploy their payload in the cell cytoplasm, 
where most therapeutic agents are required for therapeutic action.  We 
have also demonstrated the ability to decorate the first-stage of the MSV 
with targeting moieties that improve their biodistribution.  While 
personalized therapy is being pursued in the medical world for cancer 
treatment, we have achieved personalized cancer tissue-specific drug 
delivery with nano-vectors.  The use of chemotherapy drug-containing 
MSV for the treatment of triple-negative breast cancer in 
immunodeficient mice will be demonstrated. Systemic delivery of MSV-
siRNA in animal models of breast and ovarian cancers will also be 
discussed. 
 
CL06. Protein radiation chemistry: one electron oxidation of 
methionine in peptides and proteins. Chantal Houée Levin, Université 
Paris Sud, France 
 
The one-electron oxidation of peptides and proteins is relevant to many 
fields of Biology. A hot point is the behaviour of the methionine residues 
in peptides and proteins that we are currently studying by experimental 
and theoretical methods. A recent problem is that of the final compound 
coming from OH oxidation of this residue. We tried to bring new 
elements by using various methods and quantum chemistry. 
Among other results, we were able to precise the range of the one-
electron reduction potentials of Methionine in various environments. 
 




PL01. Disaster of Fukushima-Daiichi nuclear power plant (Japan) by 
earthquake and tsunami and RI-contamination. Takeo Ohnishi, Ara 
Medical University School of Medicine, Japan 
 
Tohoku-Chihou-Taiheiyo-Oki earthquake (M9.0) hit Nuclear Power Plant 
of Tokyo Electric Power Co. (Tepco) at Fukushima-Daiichi at 14:46 on 
March11th, 2011.  Scram was stopped by the insertion of controllers at 
14:47.  Though Tepco prepared tide embankments of 5.2 meter in height, 
the massive tsunami more than 14 meter high attacked and stopped the 
electric emergency systems of diesel electric machine at 15: 39.  During 
several days after these events, hydrogen explosions were caused by 
over-heat at unit 1, unit 3 & unit 4.  In addition, the most serious damage 
was caused in a fuel nuclear storage of unit 2.  Extremely large amounts 
of radioisotopes (RI) such as iodine-131 and caesium-137 were spread in 
air, soil, tap water, vegetables, milk and seawater around wide areas in 
East Japan, especially Fukushima prefecture.  On Apr. 12th, this accident 
was classified as the same as ―Level 7‖ of Chernobyl accident (1986) 
higher than ―Level 5‖ of Three Mile Island accident (1979).  Government 
evacuated about 100,000 people around Fukushima-Daiichi from their 
cities and villages.  Three contractors were installing cables in the first 
floor and basement of the turbine building of unit 3, and standing in 
water that resulted in exposures of 240.8, 226.62 and 178.55 mSv to the 
skin on their legs.  On the end of April, Tepco reported that 8 and 11 
workers at Fukushima-Daiichi were exposed for 200-150 mSv and 150-
100 mSv, respectively.  On June 13th, it was reported that other 8 workers 
were exposed to more than 250 mSv, though 250 mSv is temporarily 
allowed dose for radiation workers in an emergency situation by Japanese 
authorities.  On April 27th, it was reported that two non-radiation women 
were exposed at 17.55 mSv and 7.49 mSv, though ICRP recommends 
maximum 5 mSv for 3 months for women. 
Tepco and Japanese government are still working for the depression of 
the temperature by water and sealing the RI into seawater on April 
10th.  Many countries have proposed various kinds of help for the 
prevention of more disasters to Tepco and government. 
 
PL02. On the Track to Clustered Damage and Radiation Effects. 
Dudley Goodhead, Medical Research Council, UK 
 
From a variety of perspectives, ionizing radiation can be regarded as an 
extraordinarily effective agent at bringing about biological changes and 
effects.  As a consequence ionizing radiations are widely used as 
therapeutic agents.  But also radiation is able to cause harm even at very 
low doses and this limits the application of radiation in diagnostic 
medicine and other human activities.  Fortunately the levels of 
background radiation on earth are very small and the physical methods 
available to detect radiation are highly sensitive.  The reason for the 
exquisite biological effectiveness lies in the track structures of the 
radiations.  The insults from ionizing radiation are always in the form of 
highly structured tracks and these dominate the nature of the biological 
damage and response at all doses, from environmental background levels 
all the way up to the high doses applied in radiotherapy.  The nature of 
the tracks, and the consequent initial spectra of clustered damage that 
they can cause, provide strong guidance for expectations of health risks at 
the low doses that are of most relevance in radiation protection, but which 
are statistically inaccessible to epidemiological studies.  The guidance 
extends to expectations for low-dose-rate exposures and for ionizing 
radiations of different qualities.  But straightforward guidance must be 
tempered by current uncertainties of the role and mechanisms of so-called 
‗non-targeted‘ effects of radiation at cellular and tissue levels.  It will be 
suggested that even these effects must be largely dependent on the 
radiation track structures.  Current research, however, is not focused on 
these aspects and at present the mechanisms and implications remain 
largely a mystery.  This is an open challenge to the research community. 
 
S07. Advances in combined therapies: 
ionizing radiation, hyperthermia and 
chemotherapy   
 
S07-01. Combined radio-xyz-therapy. A clinical perspective. Frederik 
Wenz, Department of Radiation Oncology, University Medical Center 
Mannheim, Germany 
 
Any novel approach in radiation oncology has to be judged by the 
potential increase of the therapeutic index. Radiotherapy has a well 
established role in certain cancer entities and more than half of all cancer 
patients receive radiotherapy during the course of their disease. 
Acceptable tumor control and normal tissue complication rates can be 
achieved in many tumor sites, however, some entities can still be treated 
only with insufficient success or intolerable side effects. Therefore, 
radiotherapy is more and more applied combined with other 
pharmaceutical or physical therapies to enhance outcome. Examples of 
combined radiochemotherapy and radioimmunotherapy for solid tumors 
but also the combination of radiotherapy and hyperthermia and other 
physical approaches are discussed from a clinical perspective. 
 
S07-02. Combined therapies in treatment of bladder cancer. Zeljko 
Vujaskovic, Duke University Medical Center, USA 
 
Bladder cancer is the fourth most prevalent cancer in the USA with 
approximately 70, 980 new cases per year resulting in 14,330 deaths. For 
the majority of these patients, current standard-of-care treatments will be 
inadequate for preventing tumor recurrence, progression and metastasis. 
Thus, there is a strong need to develop new treatment strategies. 
Preclinical studies have established a strong biological rationale 
indicating that hyperthermia not only enhances tumor sensitivity to 
radio/chemotherapy, but also results in increased drug delivery due to its 
effects on tumor physiology. The overall objective of combined therapies 
is to improve the standard of care for patients with bladder cancer through 
the addition of hyperthermia treatment. The central hypothesis is that the 
addition of hyperthermia to the best conventional therapies will reduce 
recurrence-rate in non-muscle invasive bladder cancer and result in a 
higher pathological complete response (pT0) rate in muscle invasive 
bladder cancer without a substantial increase in toxicity. Rationale, 
current status and future directions will be discussed. 
 
S07-03. Can targeting normal, homeostatic vasomotor function by 
mild hyperthermia result in improved responses to radiation or 
chemotherapy? Elizabeth Repasky, A. Sen, M. , B. Hylander, S. Evans, 
J. Spernyak, A. Singh, Roswell Park Cancer Institute, USA 
 
Traditionally, most applications of hyperthermia in the cancer clinic focus 
heat on the tumor with limited involvement of normal surrounding 
tissue.  In contrast, we have been interested in applying hyperthermia to 
surrounding normal tissues, as well as tumors, to determine whether we 
can exploit differences in the way normal tissues respond to elevated 
temperature in comparison to that of the tumor, for therapeutic gain.  We 
hypothesize that physiologically-mediated, thermoregulatory processes in 
normal vasculature can be used to effectively alter the tumor 
microenvironment. The goal of this presentation will be to show 
that  systemic mild heating can be used to reduce interstitial fluid pressure 
within several types of tumors and that this condition can enhance the 
efficacy of both radiation and chemotherapy. 
The possibility that elevated pressures within tumors (interstitial fluid 
pressure or IFP) can impede delivery of therapeutics into tumors was 
recognized decades ago.  Moreover, high IFP can increase regional 
hypoxia in tumors (one of the major factors limiting effective radiation 
therapy) by helping to collapse or compress blood vessels.  We 
previously reported (Y. Xu et al., IJH 2007) that increasing the core body 
temperature of non-anaesthetized mice bearing tumors can create a 
selective and prolonged increase in tumor vessel perfusion and increase 
the uptake of liposomal doxorubicin.  We report here on our  new and 
ongoing studies (Sen et al., Cancer Res  71: 2011) focused on testing the 
effects of mild systemic heating on interstitial fluid pressure and blood 
flow in different tumor models and on efficacy of radiation or 
chemotherapy. 
We observed that increasing body temperature of mice by 2 degrees not 
only increases tumor vascular perfusion (measured as number of perfused 
vessels and blood flow by laser Doppler) but also reduces tumor IFP and 
hypoxia at least over a 24h time period. Further, radiation treatment of 
murine tumors CT26 and B16-F10 and human head and neck FaDu 
xenografts 24 hours after mild systemic thermal stress results in 
significantly enhanced tumor response as compared to a control group of 
tumor bearing mice.  In contrast, we did not observe a decrease in IFP 
using a typical local hyperthermia protocol (using anaesthetized mice, 
and heating the tumor locally at 42 oC for 40 min).  Newer studies are 
testing various combinations of mild heating and cytotoxic drugs to 
determine how reduced IFP can influence efficacy of chemotherapy and 
this work will also be presented.    Study supported by the NIH/NCI 
grants 1 R01 CA135368 and P01 CA94045 
 
S08. Environmental radiobiology    
 
S08-01. Adaptive responses and bystander effects in a multiple 
stressor context. Marilyne Stuart, S. Kim, D. , A. Festarini, J. Carr, T. 





Ionizing radiation represents one of many ―stressors‖ introduced by 
humans in the environment.  Catfish lymphoblasts B (3B11) were 
exposed to three types of stressors: thermal (temperature), chemical 
(chlorine) and radiological (60Co gamma radiation).  The cells were 
exposed to various levels of each stressor for 24 hours before dose-
response curves were obtained for each individual stressor and for a 
combination of the stressors.  These data showed that increases in 
temperature (in the range of 11 to 35 °C) contribute to a reduction in cell 
viability, an increase in growth rate, a decrease in lysosomal membrane 
stability and an increase in micronuclei frequency.  Chlorine 
concentration exceeding 15 mg/L caused a decrease in cell viability, an 
inhibition of cell growth and a decrease in lysosomal membrane 
stability.  Exposure to up to 250 mGy gamma radiation (at a dose rate of 
5 mGy/min), did not affect the end points studied.  At 500 mGy decreases 
in cell viability and cell growth were noted.  When all the stressors were 
present simultaneously (35°C, 25 mg/mL and 500 mGy, respectively), 
decreases in cell viability, cell growth and lysosomal membrane stability 
were observed.  Generally the decreases were higher than what was 
expected based on the sum of the observed effects of the single 
stressors.  However, evidences of adaptive responses were noted in a 
range of doses or concentrations of the radiological and chemical 
stressors tested.  These were observed at lower levels than levels where 
detrimental effects were observed but at levels that are generally more 
environmentally relevant.  Adaptive responses were also observed to take 
place in vivo in organisms inhabiting radiologically contaminated 
environments and evidence of transmissibility of adaptive responses to 
other organisms via bystander signals are starting to emerge.  Adaptive 
responses and bystander effects are cellular processes that are therefore 
important to understand and experimental data obtained in amphibians 
will be presented to illustrate their importance.  
 
S08-02. Lessons Learned….Lessons Lost….Observations in 
Radioecology 25 Years after Chernobyl. Tom G. Hinton1, J. Garnier-
Laplace1, J. T. Smith2, S. Geras'kin3, 1: IRSN, France 2: University of 
Portsmouth, UK, 3: Russian Institute of Agricultural Radiology and 
Agroecology, Obninsk, Russia 
 
Globally, the Chernobyl accident influenced the nuclear industry, 
government politics, and international relationships. Debatably, the 
accident also redirected several sub-disciplines in science:  nuclear 
engineering, risk analyses, accident consequence management, 
epidemiology, and radioecology. As radioecologists, we offer our 
perspective on a few lessons learned; lessons previously known--but 
strongly reinforced; and lessons lost by the accident.  During the last 
decade, a scarcity of quality field data perpetuates many of the 
controversies surrounding Chernobyl, particularly those related to 
environmental effects. The radioecology that focuses on the Fukushima 
accident will benefit from the lessons learned (and lost) at Chernobyl, as 
radioecology will play a key role in answering many of the questions that 
are of major concern to the Japanese public. Implications for the mutual 
benefit of enhanced collaboration between radiation biologists and 
radioecologists are stressed. 
 
S08-03. Chernobyl birds. Geir Rudolfsen, Norwegian Radiation 
Protection Authority, Osteras, Norway 
No abstract 
 
S08-04. Radiation effects on earthworms. Deborah Oughton, 
Norwegian University of Life Sciences (UMB), Ås, Norway 
No abstract 
 
S09. Doses received from modern medical 
procedures  
 
S09-01. Diagnostic radiology and interventional procedures. Anja 
Almén, Swedish Radiation Safety Authority, Sweden 
 
The number of patients exposed to ionizing radiation from different types 
of diagnostic and interventional X-ray procedures is increasing in most 
countries. The development of new technology, e.g. for computed 
tomography equipment, is fast. These changes influence the radiation 
dose to the patients. The reason for assessing radiation dose is still very 
high. E.g. when assessing the effects of the exposure e.g. in the form of 
stochastic and non-cancer effects the dose has to be known. 
A rough description of absorbed dose for x-ray procedures could be 
given. The radiation dose distribution is uneven in the body of a patient. 
The dose variations between patients having the same examination are 
large. The range between the different examinations in different hospitals 
is great. 
The levels of radiation doses for different types of organs are varying 
from hundreds of mGy to several thousands of mGy. Examples of such 
variations will be given. 
The radiation dose trend over time for x-ray examinations is not 
unambiguous. For some examinations it is clear that there is a potential 
for a reduction of the radiation dose due to e.g. new detector technology. 
For some types of examinations also a decrease in dose has been 
observed. But the equipment is used differently in different clinics and 
the potential for reducing radiation dose could be easily erased by the 
local equipment set up. Totally new applications results in both relatively 
low and high radiation doses. 
It is also important to acknowledge that generalized descriptions of 
radiation dose have limited use and care should be taken when such 
information is used in for example epidemiologic studies. This includes 
the use of effective dose, a mean value for a group of patients gives 
limited information. The effective dose presented is also sometimes 
calculated with rather simple conversion factors not fully taken into 
account the specific technique factors used for the examination.  
However, new technology gives increased opportunities to study 
radiation dose, e.g. in the form of PKA-values. The digital collection of 
images now present for all types of equipment and used in many 
countries, makes radiation dose data digitally available for an individual 
patient. However still the radiation dose to the patient´s individual 
organs/tissues have to be assessed. The development gives opportunities 
to increase the available information on radiation dose and the quality of 
the information. 
 
S09-02. Nuclear medicine for diagnostics and therapy. Sören 
Mattsson, Medical Radiation Physics, Lund University at Malmö, 
Sweden 
 
This part of the symposium will discuss methods of dose estimations for 
radiopharmaceuticals and levels of doses received by the patients. The 
basic absorbed dose calculations are done in the same way for the 
diagnostic and therapeutic situations. Information on the activity 
concentration and its time variation in various organs and tissues of the 
body are key parameters as input in the dose calculation programs and 
associated geometrical models of the body and its organs and tissues. 
Dose variations between individuals undergoing the same investigation or 
treatment using the same activity of a specific radiopharmaceutical may 
be considerable due to differences in body size (weight), kinetics (uptake 
fraction, distribution and retention), which in turn depends on age, sex, 
disease, and type of medication. The way of administration (i.v., p.o., 
inhalation) also influences the doses. Information about absorbed dose 
gradients within individual organs (in kidneys, in brain, etc) may also be 
of importance. Short-range particles like Auger-electrons may create dose 
gradients also at the cellular level. Depending on the need of accuracy, 
dose estimates are carried out in different ways and expressed using 
various dose quantities (absorbed dose in a point, absorbed dose 
distributions, mean absorbed dose to an organ or tissue or to the whole 
body, effective dose). 
Together with judgement of the diagnostic value/image quality, a dose 
estimate (mainly in the form of effective doses) is an often 
used parameter in the optimisation of diagnostic procedures for various 
groups of patients. For around 85% of the nuclear medicine investigations 
the effective doses are in the range 0.01-10 mSv. Investigations using 
PET and SPECT will give effective doses in the higher end of the span 
and organ doses up to 100  mGy. When using dose data in connection 
with individual risk estimates and epidemiological studies, more 
detailed evaluations of organ and tissue doses are needed. The use of 
radiopharmaceuticals for therapy also requires a detailed and patient- and 
tissue-specific dosimetry for dose planning for the tumour as well as for 
normal tissues (bone marrow, liver, kidneys, etc.) in order to guarantee 
the therapeutic outcome and to minimize adverse effects in normal organs 
and tissues (which may receive doses close to the tolerance levels being 
of the order of tens of Gy). 
 
S09-03. Doses from radiotherapy. Wojciech Bulski, Maria Skłodowska-
Curie Oncology Centre, Warszawa, Poland 
 
The doses received by patients during radiotherapy are several orders of 
magnitude higher than the doses in diagnostic radiology and in nuclear 
medicine.   
The X-rays and Radium radiation were used for treating patients within 
several years after their discovery.  The doses delivered to patients during 
the first decades of radiotherapy are difficult to evaluate.  At the time 
there were no well established dosimetry systems and radiation units 
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definitions.  The doses were estimated on the basis of individual patient 
reactions, mainly skin reactions. 
Brachytherapy with radium sources was a Low Dose Rate (LDR) 
treatment and the doses were evaluated on the basis of the published 
tables for typical source arrangements according to various systems 
(Manchester, Paris, Quimby).   
The doses in modern High Dose Rate (HDR) brachytherapy vary 
according to tumour location.  In gynecology the doses are usually 4 
fractions of  7.5 Gy, 1 fraction per week.  For bronchus tumors it is 3 
weekly fractions of 7.5 Gy, for oesophagus it is 3 weekly fractions of 6 
Gy.  For breast cancer it is  fractions of 4 Gy, or a boost of 10 Gy after 
external beam therapy.  In prostate cancer it is usually 3 factions of  15 
Gy one fraction very three weeks.  In LDR prostate cancer brachytherapy 
with I-25 permanent implants the total dose is 144 Gy calculated over a 
period of 5 T1/2 (half-live 59.34 days).    In intraoperative HDR 
brachytherapy of soft tissue sarcomas the doses are of the order of 20 Gy. 
The early X-ray generators did not allow for proper beam shaping so 
large volumes of healthy tissues were irradiated during the attempts to hit 
the cancer targets.  The low energy dose distributions and poor 
penetration of the beams resulted in high dose irradiation of the skin in 
attempts to hit deeply seated targets.  Therefore the doses to the targets 
were limited.  The advent of the Co-60 units and modern linear 
accelerators changed the scene.  The  high energy machines limited the 
skin doses and the much narrower penumbra allowed for sparing healthy 
tissues.    
The great breakthrough in radiotherapy was the introduction of the CT 
technology in patient anatomy imaging and tumour delineation.  It 
allowed for the reduction of the healthy tissue volume to be irradiated ad 
dose escalation to the tumour.  The further developments in radiobiology 
leading to new schemes in dose fractionation lead to better relations 
between the Tumour Control Probability (TCP) and Normal Tissue 
Complication Probability (NTCP). 
Introduction of multileaf collimators and intensity modulated 
radiotherapy techniques allowed for further dose escalation and better 
tumour control.  The doses in radical radiotherapy  are presently of the 
order of 70 Gy and over, depending on fractionation schemes.  Palliative 
treatments may be of the order of 20 Gy in 5 daily fractions. 
In special techniques the doses might be different.  In the Total Body 
Irradiation (TBI) before bone marrow transplantation requires doses of 12 
Gy delivered in 6 fractions of 2 Gy, 2 fractions per day.  In radiosurgery 
of brain tumours the doses are of the order of 16-24 Gy in a single 
fraction. 
The trend in modern radiotherapy is to work out the optimal fractionation 
schemes allowing for normal tissue sparing while escalating the doses to 
the tumour for better local control. 
 
S10. Autophagy: a double-edged sword in 
cellular radiation response  
 
S10-01. The unfolded protein response enables high rates of 
autophagy and protection against metabolic stress in tumors. Bradley 
G. Wouters, Ontario Cancer Institute, Toronto, Canada 
No abstract 
 
S10-02. Induction of autophagic cell death in renal cell carcinoma. 
Denise Chan, University of California San Francisco, USA 
 
Kidney cancer is a largely intractable disease, resistant to standard 
chemotherapy and radiation therapy.  It has been estimated that 75-80% 
of familial and sporadic renal cell carcinomas, the most common type of 
kidney cancer, is due to inactivation of the von Hippel-Lindau (VHL) 
tumor suppressor gene.  However, we set out to exploit this characteristic 
feature of kidney cancer for therapeutic gain.  Synthetic lethal screening 
is one approach for targeting specific cancer-driving mutations.  Classical 
synthetic lethality is the genetic interaction of two mutations, in which 
single mutation of has no effect on viability but simultaneous mutation 
causes cell death.  We extended this concept with a chemical synthetic 
lethal screen of 64,000 compounds to identify small molecules that are 
selectively cytotoxic only to RCC cells that lack functional 
VHL.  Through this screen, we identified a small molecule, STF-62247, 
which induces autophagic cell death preferentially in RCCs that have 
mutated VHL, whereas cells expressing wild-type VHL are relatively 
unaffected by this compound.  STF-62247 induced the formation of large 
vacuoles and processing of the autophagy marker LC3 in RCCs with 
mutated VHL.  Knockdown of the essential autophagy genes ATG7 or 
ATG9 prevented STF-62247-induced cytotoxicity.  Autophagic cell death 
induction was independent of HIF but rather was due to increased vesicle 
acidification within cells lacking VHL.  This method discovered a 
previously unrecognized interaction between loss of VHL and autophagy. 
 
S10-03. Radiation dose protection and mitigation by Carbamazepine 
(CBZ) is autophagy independent. Hyun Kim1, M. E. Bernard2, A. 
Farkas2, M. W. Epperly2, D. Shields2, F. Houghton2, T. M. Dixon2, D. 
Franicola2, X. Zhang2, H. Wang2, J. S. Greenberger2, 1: University of 
Pittsburgh Cancer Institute, USA, 2: University of Pittsburgh Cancer 
Institute, Department of Radiation Oncology, USA 
 
Background: Cellular upregulation of autophagy may protect against 
radiation damage. CBZ has been shown to be a radiation protector and 
mitigator in vitro and in vivo. We evaluated the mechanism by which 
CBZ modifies radiation damage. 
Materials and Methods: Mouse hematopoietic progenitor cells (32Dcl3) 
were incubated with either lithium chloride (1 or 10 mM) or valproic acid 
(1, 5 or 10 mM) for 1 hour prior to or immediately after irradiation (0 – 8 
Gy), and plated in clonogenic survival assay. Radiation dose modification 
by CBZ was evaluated by clonogenic assay in Atg5+/+ and Atg5-/- 
mouse embryonic fibroblasts (MEF) deficient for autophagy protein 5 
(Atg5). Wild type and Atg5-/- MEFs were incubated with 10 uM CBZ for 
1 hour prior to or immediately after irradiation. Antioxidant levels were 
quantified 6 hours after 4 Gy irradiation by a commercial kit (Northwest 
Life Science Specialties). 
 Results: Autophagy promoting drugs CBZ, lithium and valproic acid 
were compared. The latter two did not protect or mitigate radiation 
damage in vitro. 10 uM CBZ before irradiation increased the ñ from 5.4 ± 
0.9 to 11.1 ± 0.2 (p = 0.0287) in Atg5+/+ MEFs and from 4.6 ± 0.7 to 
16.1 ± 2.6 (p = 0.0002) in Atg5-/- MEFs. 10 uM CBZ after irradiation 
increased the ñ in Atg5+/+ and Atg5-/- MEFs to 8.8 ± 0.2 (p = 0.0119) 
and 9.8 ± 1.5 (p = 0.0037), respectively. Atg5+/+ cells incubated with 10 
uM CBZ demonstrated a decrease in antioxidant levels independent of 
irradiation (50.0% decrease after 4 Gy irradiation and 84.0% decrease 
without irradiation). In contrast, antioxidant levels in Atg5-/- cells were at 
a lower baseline but were not significantly reduced after incubation with 
CBZ.  
Conclusion: CBZ functions as a radiation dose modifier by an autophagy 
independent mechanism. 
Acknowledgment: This project was supported in part by NIH 
T32AG21885 and NIAID/NIH Center for Medical Counter Measures 
(CMCR) Grant 1U19 A168021. 
 
S11. Radiation damage to biomolecules (II): 
nucleic acids and their constituents 
 
S11-01. Charge Transfer in DNA. Tetsuro Majima, Osaka University, 
Japan 
 
One-electron oxidative DNA damage induced by radiation and 
photoirradiation has been extensively studied because it leads to the 
formation of oxidative lesions that causes carcinogenesis and aging. It has 
also received attention from a therapeutic point of view since DNA is one 
of the potential targets of photodynamic therapy. To either suppress or to 
promote photosensitized DNA damage, it is important to understand the 
kinetic mechanisms. With this respect, we have been working on one-
electron oxidation of DNA using pulse radiolysis and laser flash 
photolysis as well as quantitative HPLC analyses of DNA modified by 
photosensitizers (Sens). Upon photoirradiation of Sens, charge separation 
between Sens and nucleobase produces Sens radical anion and 
nucleobase radical cation. Since G exhibits the lowest oxidation potential 
among the four DNA bases, G radical cation is finally formed, of which 
reaction with water and molecular oxygen leads to oxidative DNA 
damage. Before the reaction of G radical cation takes place, the positive 
charge transfer (CT) occurs between nucleobase. Here we report our 
recent studies on the CT in DNA. The positive charge migrates along 
DNA mainly via a series of short-range CT processes between G-C base 
pairs, which have relatively high HOMO levels. As such, the CT 
efficiency sharply decreases with the insertion of A-T base pairs between 
the G-C base pairs. We have previously demonstrated that the CT 
efficiency through DNA can be dramatically increased by using 
deazaadenine (Z), an analogue of A, to adjust the HOMO levels of the A-
T base pairs closer to those of the G-C base pairs. The CT efficiency was 
also increased by replacing A bases with diaminopurine (D). We 
succeeded the rapid long-range charge transfer in DNA using Z and D in 
the place of A. Next, we designed a functionalized DNA system in which 
absorbed photon energy is converted into chemical energy to form I−I 
covalent bonds, where more than 100 I2 molecules were produced per 
functionalized DNA. Utilizing the fact that CT kinetics through DNA is 
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sensitive to the presence of a single mismatch that causes the perturbation 
of the π-stacks, single nucleotide polymorphisms (SNPs) in genomic 
sequences were detected by measuring the photon energy conversion 
efficiency in DNA by a conventional starch iodine method. 
 
S11-02. Formation of radiation-induced DNA sugar-phosphate 
backbone radicals via ionization and excitation pathways. Amitava 
Adhikary, A. Kumar, M. D. Sevilla, Oakland University, USA 
 
Sugar radicals formed in the DNA sugar-phosphate backbone are 
immediate precursors of radiation-induced DNA-strand breaks and may 
lead to cell death, mutation, and subsequent neoplastic 
transformation.  The very high global concentration (65 to 220 mg/ml) of 
macromolecules (DNA, RNA, proteins etc.) in the cell nucleus makes the 
role of direct-type effects of radiation in cells of crucial importance.  The 
most likely formation of these sugar radicals is via the ―direct ionization‖ 
pathway of the sugar-phosphate backbone in DNA owing to the direct-
type effects.  However, studies employing electron spin resonance (ESR) 
spectroscopy and DFT theory in our laboratory have unraveled other 
mechanisms of DNA-sugar radical formation via direct-type effects, viz. 
(i) excitation of DNA base cation radicals in monomers, oligomers, and 
in highly polymerized DNA, (ii) dissociative electron attachment due to 
low energy electrons (LEE) and (iii) direct one-electron oxidation of the 
phosphate group in 5‘-TMP provided the phosphate group in its fully 
conjugate base form (PO4
−3).  Sugar radical formation by photoexcitation 
of base cation radicals has been found to be influenced by various factors, 
e.g., wavelength of the incident light, pH of the solution (i.e., the 
prototropic equlibria between various states of the base cation radical), 
length and the sequence of the oligomer, as well as the site of phosphate 
substitution (3‘- or 5‘-) in nucleotides. In addition to forming sugar 
radicals, highly oxidizing excited states of one-electron oxidized guanine 
are produced with 405 nm light at pH 5 and below that are able to oxidize 
chloride ion in the surrounding solution to form Cl2•
- via an excited state 
hole transfer process. The maximum amount of Cl2•
- has been observed to 
be produced with ds DNA oligomers where the one-electron oxidized 
guanine exists in its cation radical (G•+:C) form. Thus, via excited state 
hole transfer, the dsDNA is apparently able to protect itself from cation 
radical excited states by transfer of damage to the surrounding 
environment.      Supported by NIH NCI RO1CA045424. 
 
S11-03. How can we exploit the properties of low energy and 
hydrated electrons to improve radiotherapy? Darel Hunting, L. 
Sanche, Université de Sherbrooke, UK 
 
Low energy electrons (LEE), with energies below 20 eV, are the most 
abundant of the secondary species produced by the treatment of living 
tissue with high energy radiation (> 104/MeV of absorbed radiation). Our 
group was the first to show that LEE induce both single and double strand 
breaks in DNA.  In addition, we have shown that electrons with an energy 
of zero eV can induce single strand breaks, while the threshold for the 
production of double strand breaks is approximately 5 eV.  
LEE are efficient at producing DNA double strand breaks and the single-
hit kinetics of double strand break production indicates that a single 
electron can induce a double strand break. Given the low energy 
involved, the DNA ends at the double strand break must be essentially 
flush rather than staggered, which renders the break more difficult to 
repair and more prone to mutagenic repair. Radiotherapy is often 
combined with chemotherapy and we have shown that the presence of 
low levels of cisplatin or carboplatin adducts renders the DNA much 
more sensitive to the formation of double strand breaks. Again, we 
hypothesize that these breaks  must also be flush. 
LEE can undergo solvation and the yield of solvated electrons induced by 
ionizing radiation is similar to that of the hydroxyl radical.  We have 
found that solvated electrons readily react with cisplatin adducts in DNA 
resulting in the rupture of the guanine-Pt bonds and in local DNA 
damage.  Finally, solvated electrons react with modified DNA bases, such 
as bromouracil, a radiosensitizer. We have shown that the presence of 
bromouracil in a mismatched region of double stranded DNA leads to 
strand breaks and DNA interstrand crosslinks. 
In conclusion, the unique reactivity of both low energy and solvated 
electrons offer opportunities for improving radiotherapy and chemo-
radiotherapy. 
This work was supported by NSERC, CIHR and the CRS. 
 
S12. Ethics of radiation protection  
 
S12-01. Ethical Aspects and Culture of Radiological Protection. 
Christian Streffer, University Clinics Essen, Germany 
 
Standards and rules of radiological protection are based on scientific 
knowledge and clinical experience about radiation effects and risks as 
well as on judgements of values. About 50 years ago ethical approaches 
have already been included into the recommendations of the International 
Commission on Radiological Protection (ICRP) and have been further 
developed during the last decades. The possible risks which are caused by 
exposures to ionising radiation, the complexity of the problems, the 
uncertainties of dose estimates as well as of radiation effects in the low 
dose range and judgments on late effects have shown the need to reach a 
broad consensus in our societies for the acceptance of ionising radiation. 
The acceptability has a normative notion which includes the autonomy of 
humans, distributive justice and other ethical values. The steady 
development of a culture for radiological protection is necessary. The 
basic principles of the ethical approaches recommended by ICRP are: 
justification, optimisation and dose limits. 
These principles are valid for all situations where ionising radiations are 
used in medicine, research and technologies. This is also the case for 
occupational exposures which occur to staff in research laboratories and 
medical institutions as well as to the public when releases of radioactive 
material occur from these installations into the environment. However, 
there exists one exception: no dose limits have been set for patients when 
ionising radiations are used in diagnostics and therapies of these patients. 
These exposures are for the direct benefit of the patients and the 
physician has to justify that the patient receives more good than harm 
under optimised conditions. 
The physician has great responsibility for his knowledge steadily brought 
to the newest information standards about possible radiation effects 
especially with individuals of variable radio-sensitivities with respect to 
differences between males and females, to differences of age groups 
including the embryo and foetus and to differences according to genetic 
predisposition. Some of these problems are also valid for dose limits of 
staff in research laboratories and medical institutions. Distributive justice, 
transparency and communication of risks for autonomous decisions have 
to be considered in this connection. 
 
S12-02. The ethical foundation of the radtiation protection system. 
Jacques Lochard, CEPN 28, rue de la Redoute, France 
 
The present system of radiological protection is based on three basic 
principles – justification of  justification, optimisation of protection and 
application of dose limits – combining scientific knowledge from 
different disciplines, a set of values rooted in ethics, moral social 
behaviour and standards, and the experience accumulated from the day to 
day practice of radiation protection professionals. 
Because of the remaining uncertainties concerning the risk associated to 
radiation at low doses this system is fundamentally promoting a prudent 
approach for protecting the people against the detrimental effects of 
radiation exposure. This is done through a continuous questioning for 
guiding actions: 1. Are the activities generating exposure justified? 2. Is 
any individual exposed to a risk considered by the society as not 
tolerable? 3. Are all exposures maintained as low as reasonably 
achievable under the prevailing circumstances?  
The links between the scientific knowledge, the various values and the 
principles driving the day to day actions are not at all straightforward. 
Basic scientific data concerning the levels of exposure of different groups 
of people and the risk attributable to these exposures must be balanced 
with considerations concerning the tolerability of risk according the 
exposure situations, the equity in the distribution of exposures within the 
exposed group and the socio-economics consequences of implementing 
protection actions. 
With the complexification of the science of radiation, the growing 
involvement of stakehlders in the development of the principles and the 
multiplication of the exposure situations were radiation are controlable, 
there is an evident challenge for maintaining the coherence of the system 
and particularly its ethical foundations. 
The paper will consider how the values of precaution, equity and 
tolerability, but also biodiversity and sustainability as far as the protection 
of biota is concerned, which are structuring the radiation principles, find 
their roots in the three major families of normative ethics i.e. 
consequentialism, deontological and the ethic of virtue. A particular 
attention will be given to the ―ALARA principle‖ which has become 
progressively the corner stone of the system of protection in all domains. 
 
S12-03. Ethics of radiological protection for nuclear power 
production and waste management. Behnam Taebi1, S. Gardiner2, 1: 





This paper presents an ethical reflection on the ICRP‘s principles of 
radiological protection for nuclear power production and waste 
management. First, we will focus on the evolution of these principles and 
draw a historical parallel between various periods of commercial nuclear 
power deployment and the changes in radiological protection 
philosophies. We will then scrutinize the three ethical principles of 
radiological protection from the perspective of justice among 
contemporaries and between generations, alternatively known as 
intragenerational and intergenerational justice. The Justification Principle 
has been proposed to assure that an exposure produces sufficient benefits; 
the Optimization Principle attempts to reasonably reduce exposure, while 
maximizing net benefits; and the Dose Limit has been proposed to avoid 
injustice that potentially arises for (groups of) individuals (ICRP 
publication 103). ICRP acknowledges that in assessing the acceptability 
of a practice, we need a normative qualitative analysis. In this paper, we 
present the framework of justice for such ethical analysis. We will 
examine whether these principles could sufficiently guarantee a just 
protection of all the members of different generations. Particularly in 
addressing the protection of distant future generations, supplementary 
principles will be needed in order to assure that we do not impose undue 
burdens on posterity.  
 
Tuesday 
Eye openers EO7 - EO12  
 
EO07. Animal models: the good, the bad and the useless. Jacky 
Williams, University of Rochester Medical Center, USA 
 
Researchers in in vivo systems contend with many questions regarding 
the use of animal models: how to choose the right species or strain; does 
age or gender matter; which tumors to use and how do they interface with 
the chosen model; how does the faster development and shorter lifespan 
of animals extrapolate to humans; most importantly, the relevance of the 
model to the human condition. These questions are as true in the radiation 
sciences as they are in any other discipline and are critical when 
considering the translational applications of much of the research being 
performed. This talk will discuss both the benefits and downsides of 
using in vivo models, including both large and small species, focusing on 
how best to use (and extrapolate) the data generated. 
 
EO08. Advances in biological indicators of radiation exposure. Kai 
Rothkamm, Health Protection Agency, UK 
 
In biological dosimetry, the effects of ionising radiation on biological 
materials, i.e. cells, tissues and organisms, are used to estimate the level 
of exposure. Many effects increase in severity or yield with increasing 
radiation dose. This allows the radiation dose to be determined using a 
calibration curve that describes the extent of the biological effect for a 
range of known radiation doses. Suitable indicators of exposure can be 
found across a wide spectrum of biological effects, ranging from early 
physicochemical changes of electronic states in irradiated biological and 
other materials through biochemical and cellular damage to complex 
tissue responses. 
Several parameters are important in determining the usefulness of a 
specific endpoint as a biomarker for radiation exposure. These include 
dose dependence, sensitivity, specificity, signal persistence, inter-
individual variation, confounding factors, invasiveness of sampling and 
simplicity, speed, throughput and cost of sample processing and analysis 
methods. Other complicating exposure-related factors that need to be 
considered are protracted or intermittent exposures, different radiation 
qualities and non-uniform or internal exposures. 
Currently, some of the most successful and best validated quantitative 
biomarkers for human exposure to ionising radiation measure the extent 
of chromosome or DNA damage in peripheral blood cells. Other 
promising approaches that have recently emerged include gene 
expression and micro-RNA assays, protein biomarkers as well as 
metabolic profiling. This lecture reviews recent developments in 
established biodosimetry methods as well as advances in biomarker 
discovery and validation and discusses their characteristics using 
examples of simulated or real radiation accidents as well as planned 
medical exposures 
 
EO09. Radiation-induced epigenetic effects. Olga Kovalchuk, 
University of Lethbridge, Canada 
 
Radiation poses a threat to the exposed individuals and their progeny. It is 
known to cause genome instability that is linked to carcinogenesis. 
Radiation-induced genome instability manifests as elevated delayed and 
non-targeted mutation, chromosome aberration and gene expression 
changes.  Its occurrence has been well-documented in the directly 
exposed cells and organisms. 
Yet, the mechanisms by which it arises remain obscure. We hypothesized 
that epigenetic alterations play leading roles in the molecular etiology of 
the radiation-induced genome instability. Epigenetic changes comprise 
cytosine DNA methylation, histone modifications and small RNA-
mediated events. 
We will present new and compelling evidence that epigenetic changes 
(DNA methylation, histone modifications and microRNAome changes) 
are important for the molecular etiology of radiation-induced genome 
instability and carcinogenesis. The new model of the radiation–induced 
(epi)genome instability will be introduced and discussed. 
Studies in the Kovalchuk laboratory were supported by the Canadian 
Institutes for Health Research and the Alberta Cancer Foundation. 
 
EO10. Radiation-induced cardiovascular effects. Guido Hildebrandt, 
University of Rostock, Germany  
No abstract 
 
EO11. Radiation chemistry in the 21st century: current status and 
perspectives. Peter Wardman, (Retired), UK 
 
Perhaps the earliest ‗radiation chemistry‘ paper was published by Pierre 
Curie and Marie Sklodowska Curie in 1899. The history of the subject is 
described in articles edited by Jerzy Kroh (Early Developments in 
Radiation Chemistry, Royal Society of Chemistry, 1989). So it is easy to 
trace the development of the subject for the first ninety years or so, but it 
is much more difficult to look forward and predict where the subject 
might be at the end of this or the next decade. This Conference provides 
an opportunity to take stock of where the subject stands today in relation 
to past activity, and where it might go in the future. In some European 
countries, activity in the area has declined markedly in the last decade or 
so. Is there a critical mass, below which research activity in radiation 
chemistry is not nationally sustainable, especially if facile access to major 
accelerator-based radiation sources is considered essential? Has the 
subject simply matured, broadened and been re-labelled? Certainly the 
contraction in the number of specialized radiation laboratories is 
compensated by an increase in breadth of applications and utilization of 
the data by a wider group of scientists. A consequence of the continuing 
expansion of the European Union is broader access to research funds to 
facilitate trans-national collaboration and research networks, and this 
could be a key component of regeneration of radiation chemistry in 
Europe. Experimental techniques have, in the main, changed little in 40 
years, apart from ultrafast techniques, and improvements to routine 
methodology are needed. Strengths of radiation chemistry include its 
solid quantitative base and kinetics expertise. Collation and evaluation of 
data was a major asset of the subject, work generously funded by the 
USA‘ taxpayers for decades, but such activity has declined. There are, 
however, new tools which can potentially replace ones no longer 
available. Can 21st century approaches, perhaps along the likes of 
Wikipedia, be developed to replace these lost or declining resources? In 
conclusion, radiation chemistry continues to evolve. Arguably, the 
potential for broadest impact is outside the field we would label as 
‗radiation chemistry‘. Overall, we need a Janus-like approach in 
maintaining the speciality whilst enhancing its impact in mainstream 
science. 
 
EO12. Electron driven reactions in doped helium nanodroplets - 
investigations on the radiation damage of biomolecules. Stephan 
Denifl, T. D. Märk, P. Scheier, Institute of Ion Physics and Applied 
Physics / University of Innsbruck, Austria 
 
Radiation damage of biomolecules induced by electron scattering has 
recently received increased attention since it was discovered that low 
energy electrons can effectively induce strand breaks in plasmid DNA. It 
is known that low energy secondary electrons are formed as abundant 
species in the interaction of high energy radiation with matter. The aim of 
our studies is to elucidate the underlying mechanisms of electron driven 
damage in biological compounds. For a thorough investigation of the 
processes on the molecular level mass spectrometry is utilized, where 
electron scattering from isolated biomolecules or small biomolecular 
complexes is investigated under high vacuum conditions. Our studies 
with isolated biomolecules indicate strong fragmentation of these 
compounds upon electron attachment which is significantly enhanced by 
the sensitization with halogenated or nitroaromatic compounds. For 
production of small biomolecular complexes we utilize the helium 
nanodroplet isolation technique. Thereby single molecules are embedded 
in the cold helium droplets and these molecules form agglomerates once 
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they are cooled down. This technique allows the investigation of neutral 
species not studied in the gas phase before. As will be shown for a few 
examples like nucleobases and other biomolecules, electron induced 
processes are partly modified by the presence of additional molecules in 
the environment. For example, the ring dissociation of nucleobases driven 
by electron attachment in the electron energy range between about 5-10 
eV is completely quenched in the droplets in favor of hydrogen loss. In 
conclusion, helium nanodroplets provide a good opportunity to study 
electron induced chemistry in biomolecules on the molecular level. Their 
off-ambient temperatures also allow studies of astrochemically relevant 
species as will be discussed. 
 
S13. New modalities for cancer treatment    
 
S13-01. Manipulating the tumour microenvironment in combined 
modality therapy. Gillies McKenna, E. Fokas, N. Qayum, J. Hong Im, 
C. Kelly, J. Michael Brady, R. J Muschel, Gray Institute, Oxford 
University, UK 
 
We have used the Class I PI3K inhibitors PI-103, GDC-0941, BKM 120 
and the dual PI3K mTOR inhibitor, BEZ 235 to study effects on the 
tumour microenvironment. All of these drugs in appropriately selected 
models reduce hypoxia in tumours. Most experiments were done using 
xenografts of human tumours in immunosuppressed mice, but we also 
confirmed the effects of several of the drugs in a spontaneous murine 
breast carcinoma. We examined features of the tumour vasculature after 
inhibition of the pathway.  We used Doppler ultrasound with and without 
microbubbles to measure rate of blood flow in the tumours.  In both 
xenografted and transgenic tumour models, there was a striking increased 
blood flow. We also saw increased perfusion. These changes were 
apparent as soon as 3 days after initiation of treatment. Enhanced 
perfusion after signalling inhibition persisted until the tumours reached 
the maximal ethically permitted sizes. 
To understand how the vasculature might have been altered to result in 
increased perfusion, we undertook a series of evaluations of the tumour 
vasculature. There was a dramatic remodelling of the tumour vessels that 
resulted in longer, unbranched vessels with a greater diameter than the 
vessels in the untreated tumours. By mathematical modelling we could 
show that these vascular changes would be predicted to result in 
increased perfusion. In addition to structural changes, the vessels also had 
features of greater maturity with increased pericyte coverage. We 
measured doxorubicin delivery by evaluation of the microscopic 
distribution of fluorescence as well as by HPLC analysis to demonstrate 
drug levels in homogenized tumours. Either measurement showed 
substantial increases in drug delivery that translated into synergistic 
enhancement of the anti-tumour effect of doxorubicin. The decreased 
hypoxia would also be predicted to lead to enhanced efficacy of radiation 
therapy.  We verified this using BKM120 and BEZ-235.  Irradiation of 
tumours (with a single dose) after treatment with either drug led to a 
substantial and synergistic increased growth delay. After radiation alone, 
oxygenation and perfusion of the tumours was indistinguishable from 
control, unirradiated tumours.  However, radiation during treatment with 
the PI3K inhibitors led to decreased hypoxia that persisted throughout the 
experiment. The changes in hypoxia and perfusion were durable and 
could be observed for at least 60 days. 
 
S13-02. Nanoparticle targeting and radiosensitization. Tatjana 
Paunesku, Northwestern University, USA 
 
Titanium dixide based nanoparticles and nanocomposites can be used to 
target specific cells in the whole organisms and/or specific subcellular 
organelles inside cells. Nanoparticle surface conjugation modifications 
regulate the targeting efficiency of the resultant nanoconjugates. 
Moreover, whicle some nanocomposite formulations appear to show 
synergistic cell killing effects with irradiation treatment, this 
radiosensitizing effect of nanocomposites can be increased further by 
conjugating or even adsorbing non-targeting small molecules to the 
nanoparticle surface. 
 
S13-03. Targeting tumour metabolism to improve the outcome of 
radiotherapy. Ian Stratford, University of Manchester, UK 
 
One of the most fundamental metabolic alterations during malignant 
transformation is the increased reliance of tumour cells on glycolysis as a 
major energy supply. A consequence of this is the high level of lactate 
that is often seen in solid tumours.  
Recent clinical reports indicate that increased lactate in tumours is 
associated with a more aggressive tumour phenotype. In addition, 
increased lactate concentrations in the extracellular space in experimental 
tumours correlates with an increase in radiation resistance. The 
monocarboxylate transporter mct-4, removes excess lactate from tumour 
cells and we have demonstrated that mct-4 is a HIF-dependent gene with 
increased protein expression being seen in hypoxic cells. The prognostic 
significance of mct-4 has been evaluated in a large series of head and 
neck squamous cell carcinomas (HNSCC) treated with radiotherapy. In a 
multivariate analysis, mct-4 expression is identified as an adverse 
prognostic indicator and is equivalent to stage in predicting outcome. 
Interestingly, in the same series of patient samples, the constitutively 
expressed monocarboxylate transporter, mct-1, shows no relationship to 
outcome.  
We have used siRNA to mct-4 to knock down protein levels in a panel of 
HNSCC cell lines. These cells are less able to survive under hypoxic 
conditions and further show much greater radiosensitivity in hypoxia. 
There is no change in the radiosensitivity of aerobic cells. Knock down of 
constitutively expressed mct-1 does not change the radiation response of 
either aerobic or hypoxic cells. In addition, we have shown that transient 
knock down of mct-4, but not mct-1, potentiates the activity of cisplatin 
and also inhibits cell migration. HNSCC cells stably transfected to 
contain tet-inducible shRNA to mct-4 have been prepared and the growth 
of these tumours in nude mice is identical to that of untransfected cells. 
However, when the stably transfected cells are grown as tumours to a size 
of 100mm3 and mice then treated with doxycycline to induce knockdown 
of mct-4, a substantial inhibition of tumour growth occurs and the 
tumours also show a much enhanced response to radiation. 
These results indicate the identification and validation of mct-4 as a 
potential therapeutic target in HNSCC. 
 
S13-04. Combining PARP inhibitors with radiation therapy: 
rationale, strategy and potential biomarkers. Anthony Chalmers, 
Beatson Institute for Cancer Research & Beatson West of Scotland 
Cancer Centre, Scotland 
 
The risk of normal tissue toxicity frequently prevents delivery of curative 
doses of radiation therapy, and many radiosensitizing agents have failed 
to improve outcomes because they exacerbate normal tissue effects. 
Novel radiosensitisers must therefore be tumour specific. 
Poly(ADP-ribose) polymerase (PARP) is a DNA damage sensing protein 
with an important role in the base excision repair pathway. Potent and 
specific inhibitors of PARP have been tested in patients and are 
extremely well tolerated. PARP inhibitors exert a modest radiosensitising 
effect in cellular systems but have clinical potential because this effect is 
observed only in replicating cells. Whereas most tumours have rapid 
proliferation rates, some critical normal tissues such as brain and spinal 
cord are non-replicating. Furthermore, work in animal tumour models has 
shown that PARP inhibitors increase tumour control to a greater extent 
than predicted by cellular data. 
Many tumours exhibit defects in DNA repair and/or cell cycle checkpoint 
signalling that may enhance the radiosensitising effects of PARP 
inhibition. Vasoactive effects of these compounds also promote changes 
in the tumour environment that increase drug delivery and may enhance 
radiosensitivity. The pre-clinical data predict that adding PARP inhibitors 
to current radiation regimes (both with and without concomitant 
chemotherapy) has the potential to improve outcomes. However it is 
likely that certain patients will derive more benefit than others, and in 
many cases there is likely to be an increase in acute toxicity. It is 
therefore of great importance to identify tumour biomarkers that can 
predict whether the addition of a PARP inhibitors will be beneficial. 
Several clinical trials combining PARP inhibitors with radiation are in 
development. The challenges associated with conducting such studies 
will be discussed, and an update on existing studies given. 
 
S14. Non-targeted effect-its mechanism and 
significance    
 
S14-01. Introduction to non-targeted effects. Munira Kadhim, Oxford 
Brookes University, UK 
No abstract 
 
S14-02. Is Radiation-Induced Non-Targeted Response Relevant to 
Human Health. Tom Hei, Columbia University Medical Center, Center 
for Radiological Research, USA 
 
Since the unequivocal demonstration of the presence of bystander 
mutagenesis in mammalian cells using a charged particle microbeam, 
there have been many reports of the extranuclear effect of ionizing 
radiation using a variety of endpoints in cell cultures,    3D human tissue 
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samples and whole organisms.  Although the precise signaling pathways 
in modulating the bystander response are not clear, there is sufficient 
information to generalize the mechanistic basis for the non-targeted 
phenomenon. There is recent evidence that the NF-κB-dependent gene 
expression of interleukin 8, interleukin 6, cyclooxygenase-2 (COX-2), 
tumor necrosis factor and interleukin 33 in directly irradiated cells 
produced the cytokines and prostaglandin E2 with autocrine/ paracrine 
functions, which further activated signaling pathways and induced NF-
κB-dependent gene expression in bystander cells. The observations that 
heritable DNA alterations can be propagated to cells many generations 
after radiation exposure and that bystander cells exhibit genomic 
instability in ways similar to directly hit cells indicate that the low dose 
radiation response is a complex interplay of various modulating factors. 
In animal studies, there is evidence of out of field irradiation resulted in 
mutation and induction of COX-2 in both lung and mammary 
tissues.  The potential implication of the non-targeted response in 
radiation induced secondary cancer will be discussed.  A better 
understanding of the mechanism of the non-targeted effects will be 
invaluable to assess the clinical relevance of the bystander effects and 
ways in which the bystander phenomenon can be manipulated to increase 
therapeutic gain in radiotherapy. 
 
S14-03. The origin of radiation carcinogenesis is not DNA damage. 
Masami Watanabe1, K. Watanabe2, G. Kashino3, J. Kumagai4, 1: 
Research Reactor Institute, Kyoto University, Japan 2: Research Reactor 
Institute/Kyoto University, Japan, 3: Graduate School of Medicine/Oita 
University 4: Graduate School of Engineering/Nagoya University, Japan 
 
It has been believed that the first target of radiation carcinogenesis is 
DNA. However, this is not proved for radiation carcinogenesis yet. We 
discovered that frequency of aneuploid cell was closely related to that of 
radiation-induced cell transformation and natural cell transformation by 
high-density cultivation, but gene mutation was not. Cell with p53 gene 
becomes tetraploid, but does not get tumorigenicity. On the other hand, 
cells without p53 gene function become a triploid easily, and acquires 
tumorigenicity. Both radiation exposure and high-density cultivation 
elevated the level of intracellular oxidative radicals. These radicals 
induced centrosome destabilization and produced cells carrying extra 
centrosome, which promote merotelic attachment of chromosome by 
altering spindle geometry. Unresolved merotelic attachments can give 
rise to lagging chromosomes at anaphase. Aneuploidy was seen in high 
frequency in early process of cell transformation. These results strongly 
suggest that a main target of carcinogenesis by low dose radiation is not 
DNA, but is centrosome, which are the proteins to constitute 
chromosomal homeostasis maintenance mechanism. In addition, this 
route may be the same as that of natural carcinogenesis. 
 
S14-04. Modular Systems Biology and Low Dose Radiation 
Responses. Francis A. Cucinotta1, Y. Li2, C. Carra2, M. Wang2, 1: NASA 
Johnson Space Center, Houston TX, USA, USA 2: U.S.R.A. Division of 
Life Sciences, Houston TX, USA 
 
Systems radiation biology aims to describe tissue and cellular responses 
in terms of underlying molecular interactions and signaling pathways. 
Modular systems biology (MSB) describes the complexity of biological 
systems using well defined modules that represent distinct biological 
response pathways or sub-systems within pathways. We review 
mathematical concepts from control theory that can be used to identify 
and construct well defined modules for describing complex biological 
processes and radiation responses. The DNA damage response and 
TGFbeta/Smad signaling are two important response pathways following 
radiation exposure that lead to a variety of cellular and tissues outcomes 
including apoptosis, differentiation, and the epithelial-to-mesenchymal 
transition (EMT). We apply the MSB approach to develop a 
computational description of the ATM and TGFbeta/Smad signaling 
pathways. Applications to low dose and dose-rate exposure to  low LET 
radiation and space radiation are considered. Stability analysis of modular 
systems and the identification of pathway signals to cellular and tissue 
phenotypes such as EMT will be discussed. 
 
S14-05. Circulatory Disease from Exposure to Low-Level Ionizing 
Radiation and Estimates of Potential Population Risks: a Meta-
Analysis of Epidemiological Studies. Mark P Little1, T. Azizova2, D. 
Bazyka3, S. Bouffler4, E. Cardis5, S. Chekin6, V. Chumak3, F. Cucinotta7, 
F. de Vathaire 8, P. Hall 9, J. Harrison4, G. Hildebrandt10, V. Ivanov6, V. 
Kashcheev6, S. Klymenko3, M. Kreuzer11, K. Ozasa12, T. Schneider13, S. 
Tapio14, A. M. Taylor15, I. Tzoulaki16, W. Vandoolaeghe 16, R. Wakeford 
17, W. Zhang4, S. Lipshultz18, 1: Radiation Epidemiology Branch, 
National Cancer Institute, USA, 2: Southern Urals Biophysics Institute, 
Chelyabinsk Region, Russia, 3: Research Center for Radiation Medicine, 
Kyiv, Ukraine, 4: Health Protection Agency, Centre for Radiation, 
Chemical and Environmental Hazards, UK, 5: Center for Research in 
Environmental Epidemiology (CREAL), Barcelona, Spain, 6: Medical 
Radiological Research Center of Russian Academy of Medical Sciences, 
Obninsk, Russia, 7: NASA Johnson Space Center, Houston, Texas 77058, 
USA, 8: Radiation Epidemiology Group, Institut Gustave Roussy, 
Villejuif Cedex, France, 9: Department of Medical Epidemiology and 
Biostatistics, Karolinska Institute, Stockholm, Sweden, 10: Department of 
Radiotherapy and Radiation Oncology, University of Leipzig, Germany, 
11: Federal Office for Radiation Protection, Oberschleissheim, Germany, 
12: Department of Epidemiology, Radiation Effects Research 
Foundation, Hiroshima City, Japan, 13: CEPN (Nuclear Evaluation 
Protection Center), Fontenay-aux-Roses, France, 14: Helmholtz Zentrum 
München, Oberschleissheim, Germany, 15: UCL Institute of 
Cardiovascular Sciences & Great Ormond Street Hospital for Children, 
London, UK, 16: Department of Epidemiology and Biostatistics, School 
of Public Health, London, UK, 17: Dalton Nuclear Institute, University of 
Manchester, UK, 18: Department of Pediatrics, Leonard M. Miller School 
of Medicine, University of Miami, USA 
 
Based on observations in irradiated populations, the health risks of low-
level exposure to ionizing radiation have been related primarily to cancer. 
At high radiation doses a variety of other well-established effects are 
observed, in particular damage to the structures of the heart and to the 
coronary, carotid, and other large arteries. This damage occurs both in 
patients receiving radiotherapy and in experimental animals. There are 
plausible, if not completely understood, mechanisms by which high doses 
of radiation affect the blood circulatory system. 
In this abstract we summarize risks from moderate- and low-level whole-
body ionizing radiation exposure. This is based on a meta-analysis 
derived from a Medline search using the terms 
―radiation‖+―heart‖+―disease‖ or ―radiation‖+―stroke‖ or 
―radiation‖+―circulatory‖+―disease‖. Peer-reviewed papers in English 
published since 1990 and available in Medline were selected, with 
reliable ascertainment of circulatory disease morbidity/mortality and 
good dosimetry. Studies were selected with primarily whole-body 
radiation exposures, and moderate/low doses (mean <0.5 Sv), or low dose 
rates. Excess relative risks per Sv (and uncertainties) were derived from 
each study. We estimated the potential population risk of circulatory 
disease from low-level radiation exposure by applying excess relative risk 
coefficients from this meta-analysis to cohorts having the current 
mortality rates of China, France, Germany, Japan, Russia, Spain, Ukraine, 
the UK and the USA. 
Estimated excess population risks ranged from 2.7% per Sv (95% CI 0.9 
to 4.4) for France to 9.3% per Sv (95% CI 4.6 to 14.0) for Russia. These 
estimates are similar to those of radiation-induced cancer, which range 
from 4.2% to 5.6% per Sv. 
In summary, an association between increased circulatory disease risk 
and low doses of ionizing radiation is observed, although more 
epidemiological and experimental research is needed to characterize the 
association. This study is limited by cohort heterogeneity, particularly for 
non-cardiac endpoints, the possibility of confounding in some 
occupational groups by lifestyle factors, and higher dose groups (>0.5 Sv) 
generally driving the observed trends. This evidence of a radiation-
associated risk of circulatory disease at low doses, if confirmed, suggests 
that overall radiation-related mortality (cancer+circulatory) is about twice 
that currently estimated. 
 
S14-06. Highlights of the NOTE program 2006-2010. Sisko Salomaa, 
STUK- Radiation and Nuclear Safety Authority, Helsinki, Finland 
 
The universality of the target theory of radiation-induced effects is 
challenged by observations of non-targeted effects such as bystander 
effects and genomic instability. Essential features of non-targeted effects 
are that they do not require direct nuclear exposure by radiation and they 
are particularly significant at low doses. The European NOTE project 
studied the mechanisms and consequences of non-targeted effects and 
discussed the need for a new paradigm in radiation biology. The new 
paradigm should cover both the classical (targeted) and the non-targeted 
effects. A better understanding of non-targeted effects may have 
important consequences for health risk assessment and, consequently, on 
radiation protection.  Based on the research carried out in NOTE and 
other recent studies, a new paradigm is proposed that covers both the 
classical radiation effects that are explained by the DNA targeted effects 
as well as non-targeted effects that are explained by cellular signaling, 
epigenetic changes due to radiation exposure as well as the effect of 
tissue micro environment. This new paradigm would better describe 
radiation carcinogenesis. It would also facilitate the solution of the 
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conceptual and terminological issues related to definition of stochastic 
and deterministic effects in the situation where lower and lower doses 
show association to non-cancer effects such as cardiovascular diseases 
and lens opacities. Considerable uncertainties still exist on the radiation 
risk at low doses and the changing paradigm is expected to generate new 
research hypotheses that address this issue.  
The NOTE Integrated Project received funding from the European 
Atomic Energy Community´s Sixth Framework Programme under grant 
agreement 036465. 
 
S14-07. Expression of genes Involved in a Radiation-Induced 
Bystander Effect. Hayley Furlong1, Carmel Mothersill2, Orla Howe1; 1: 
Radiation and Environmental Science Centre, Focas Research Institute, 
Dublin Institute of Technology, Kevin St, Dublin 8.; 2: Medical Physics 
and Applied Radiation Sciences, Nuclear Research Building, 1280 
Hamilton, Ontario L8S 4K1 
 
Introduction: The radiation induced bystander effect is relevant to 
carcinogenesis, it may have significant implications for risk estimation 
for radiation exposure. Currently the mechanisms and cellular events are 
the subject of intense investigation, because little is known. It is thought 
that the radiation induced bystander response is due to a bystander factor 
secreted in the medium post irradiation. However the biological nature of 
this factor is currently unknown, but it is thought to be a protein of some 
sort that may be involved in the apoptosis cascade.  
Materials and Methods: HaCaT epithelial cells were used in this study 
and exposed to 0, 0.5 and 0.05Gy low doses of ionising radiation (IR). 
The medium was harvested from the cultures post-IR and placed on 
recipient HaCaT cells for different time points. RNA was extracted from 
the cells using the TriReagent protocol and stored for subsequent gene 
expression studies. Specific genes were selected for this study, in 
particular those involved in the apoptotic cascade. Primer design and 
primer optimisation methods were carried out to establish definite primer 
temperatures for the subsequent gene expression studies, using Real-Time 
PCR.  
Results: Preliminary gene expression data will be shown along with 
primer optimisation of the specific apoptosis genes under investigation in 
this study. Currently a paper is in progress detailing this novel data. 
Discussion: This data could contribute to the discovery of the molecular 
mechanisms involved in the production of a radiation induced bystander 
effect and will therefore have potential clinical relevance for patients 
undergoing radiotherapy treatment. 
 
 
S15. The use of archiving data and biological 
material - examples and strategies    
 
S15-01. The STORE data warehouse; an international infrastructure 
for data sharing in radiobiology. Paul Schofield1, M. J Atkinson2, M. 
Birchwilks3, S. Tapio2, M. Gruenberger1, B. Grosche3, 1: University of 
Cambridge, UK 2: Helmholtz Centre Munich, German Research Centre 
for Environmental Health, Institute of Radiation Biology (ISB) 3: Federal 
Office for Radiation Protection, Germany 
 
With the increasing globalisation of the biological sciences, and the move 
towards large complex datasets, the need to share primary data between 
investigators gains growing urgency. Such sharing of data not only 
permits its reuse and reanalysis in the light of our developing 
understanding, but also supports scientific accountability for published 
research [1-4].  The economic and ethical arguments for sharing data and 
other science ―commons‖ ie those resources held in common by the 
community are very strong [5] and have been recognised and agreed by 
international funding agencies, such as the US NIH, NSF, the Wellcome 
Trust and the UK research councils, and policy bodies such as the OECD 
[6]. Many funding agencies now require investigators to deposit primary 
data into public databases and to make biological materials and 
genetically modified organisms available to the academic community 
with minimal restrictions. 
The European Commission has recognised that the radiobiology 
community needs an infrastructure through which to deposit and share 
data. We have previously developed the ERA radiobiology database, a 
legacy database for historical international large-scale radiation exposure 
experiments which would otherwise have been lost [7, 8]. There is a 
parallel urgency to provide a repository from new primary datasets and to 
provide a virtual archive or directory of material resources which 
investigators wish to share. The response to that need is provided in the 
STORE data warehouse http://www.storedb.org/. 
STORE provides a user-oriented database for the storage of any data type 
associated with a study, from text files to magnetic resonance datasets 
and zoomable images. It is also designed to contain links to datasets in 
other public databases through DBXrefs, URLS and accession numbers. 
Each dataset is managed by the investigator and tagged with appropriate 
terms to allow easy search and retrieval, but access and security can also 
be limited by the investigator – data can be made universally accessible 
or restricted to password holders. By permitting database cross-references 
users may provide pointers to physical archives of cells, tissues, slides 
etc, which may then be accessed directly through database links and web 
services or through emailing a specified contact. 
The flexibility and agility of STORE allows it to act as a sharing and 
archival infrastructure for the whole radiobiology community. Access is 
free and available to any group worldwide and help can be provided 
online or through arranging a visit form the STORE team. 
We hope that STORE will provide for the first time an international 
infrastructure for radiobiology which will encourage cooperation and 
increase the value of funded research around the world. 
References 
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S15-02. Mining the Lifespan Studies of Beagles Exposed to Radiation 
In Utero or as Juveniles. William F. Morgan, Pacific Northwest 
National Laboratory, USA 
 
The developing fetus, infants, and children constitute subgroups of the 
population at greater risk for detrimental health effects of exposure to 
ionizing radiation.  This may be related to their increased radiosensitivity 
or to the many years of life ahead of them during which time they could 
develop effects associated with radiation exposure. We will present an 
overview of our efforts to mine the data from Beagle dogs exposed to 
ionizing radiation with emphasis on the analysis of the data from a 25 
year lifespan study of 1330 Beagle dogs exposed to a single acute dose of 
60Cobalt gamma radiation and appropriate 
sham irradiated controls.  Dogs were exposed at 8 (preimplantation), 28 
(embryonic) or 55 (fetal) days post-coitus, 2 days post partum (dpp; i.e., 
as an infant); 70 dpp (juvenile); or 365 dpp (mature young adults). These 
lifespan studies indicate that long-term health risks following exposures 
to ionizing radiation exist , but are relatively small and should be kept in 
perspective in reacting to radiation exposures. 
 
S15-03. The Chernobyl Tissue Bank – a model for integrating 
―omics‖ research on single blocks of tissue. Geraldine Thomas, 
Imperial College London, UK 
 
The Chernobyl Tissue Bank (CTB) was established in 1998 to collect, 
store and distribute biological samples from patients resident in the 
regions of Ukraine and Russia contaminated by fallout from the 
Chernobyl accident and who developed thyroid cancer.  A sample of 
blood for extraction of DNA, serum and samples of both frozen and 
formalin fixed paraffin embedded (FFPE) tumour and normal thyroid 
tissue are provided from each patient.  
The current collection includes 3861 cases of thyroid cancer and 
adenoma.  RNA and DNA are extracted from the same frozen tissue 
block and are distributed to multiple researchers, permitting integration of 
a number of studies on single samples of tissue.  Pathology and molecular 
biology QA is carried out on each sample prior to release to 
researchers.  A recent QA audit showed that the average RIN was 8.5 
(range 6.4-9.4). There was no significant degradation over a 10 year 
period of storage as a frozen block prior to extraction.  
2160 aliquots of RNA and 1237 of DNA from tissue, 146 aliquots of 
DNA from blood and 6253 sections from FFPE blocks have been issued 
to researchers worldwide.  Researchers apply for material through an 
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online portal (https://cisbic.bioinformatics.ic.ac.uk/ctb/html_ctb_public/). 
Research data from completed projects is also available to researchers. 
Full details on the projects supported by the CTB are provided on the 
project website (www.chernobyltissuebank.com). The CTB provides a 
unique resource for radiation biology and serves as a paradigm for cancer 
research in general. 
Presented on behalf of the Steering Group, Scientific Advisory Board and 
the Pathology Panel of the CTB 
 
S15-04. The Use of Unique Archived Data and Biological Samples By 
the Radiation Effects Research Foundation. Evan Douple, S. Fujiwara, 
Y. Kusunoki, E. Grant, Y. Kodama, N. Takahashi, H. Katayama, A. 
Suyama, R. Shore, Radiation Effects Research Foundation, Hiroshima 
and Nagasaki, Japan 
 
This presentation reviews the archived data bases and biological samples 
that have been used by the Atomic Bomb Casualty Commission and its 
successor, the Radiation Effects Research Foundation (RERF), as a 
unique resource to study long-term health effects in the survivors of the 
atomic bombings of Hiroshima and Nagasaki and in their 
children.  Follow-up for mortality and cancer incidence of a fixed sample 
of about 120,000 A-bomb survivors and control subjects (Life Span 
Study) was instituted in 1950, and a subset (Adult Health Study) of about 
15,000 received additional morbidity surveillance based on biennial 
health exams begun in 1958.  Questionnaires during the exams obtain 
information on socioeconomic, lifestyle, and other factors that may 
confound or modify radiation effects.  The longitudinal morbidity and 
laboratory data are complementary for the assessment of non-cancer 
diseases and conditions.  In addition, samples collected during the 
biennial exams provide stored serum (14,700 persons), urine (4,300 
persons), blood cells (7,200 persons), and lymphocytes; the latter includes 
uncultured mononuclear cells and immortalized lymphoblastoid cell lines 
from 3,500 persons and stored cryogenically in liquid 
nitrogen.  Chromosome slides are available for 20,000 persons and teeth 
from about 1,000 persons for electron-spin resonance radiation 
biodosimetry.  An early autopsy program provided paraffin-embedded 
tissues from about 6,600 persons.  In utero-exposed persons and controls 
(In Utero Cohort) began biennial clinical exams in 1978 (about 1,600 
persons).  Children of exposed and non-exposed parents who were 
conceived after the bombs (F1 Cohort) began clinical studies in 2002 
(about 12,000 persons).  For transgenerational studies, immortalized 
lymphoblastoid cells are cryogenically stored for 1,500 F1 from 1,000 
‗father-mother-child trios‘, including about 300 F1 born to at least one 
parent exposed to doses greater than 1 Gy.  The biosamples are a valuable 
resource for biochemical and mechanistic laboratory studies, making 
possible a wide range of studies.  Examples of the use of the unique data 
bases and biosamples are presented along with strategies as RERF 
scientists attempt to elucidate radiation-associated disease mechanisms 
using new technologies and collaborative expertise. 
 
S15-05. Qualitative and quantitative proteomic analysis using 
formalin-fixed paraffin-embedded (FFPE) tissue. Soile Tapio, O. 
Azimzadeh, Institute of Radiation Biology, Helmholtz Zentrum 
München, Germany 
 
Radiobiological tissue archives are a valuable source for retrospective 
protein biomarker discovery. However, during the formalin-fixation 
process proteins undergo degradation and cross-linking, making 
conventional protein analysis challenging. 
We have systematically validated various extraction and separation 
methods of FFPE proteins using different gel-free and gel-based 
approaches. As a model system we have used both archival and 
fresh/frozen cardiac tissue of sham- and irradiated C57BL/6 mice. We 
show that 1D SDS-PAGE followed by Liquid Chromatography–
Electrospray Tandem Mass Spectrometry (LC-ESI MS/MS) is the 
preferred approach for qualitative proteome analysis (1). A number of 
peptides were identified in regions of the 1DE not corresponding to the 
expected molecular weight, indicating the presence of protein-protein 
complexes due to cross-linking, and protein fragmentation due to 
prolonged sample storage. For quantitative proteome analysis we used 
label-free approach (2) to detect putative molecular biomarkers of 
ionising radiation. The proteomics data were confirmed by 
complementary analysis including bioinformatics and immunoblotting. 
This study will facilitate the development of proteomic analysis of FFPE 
tissue and provide a tool for the validation in clinical archival samples of 
biomarkers of exposure, prognosis and disease. 
1. Azimzadeh, O., Barjaktarovic, Z., Aubele, M., Calzada-Wack, J., 
Sarioglu, H., Atkinson, M. J., and Tapio, S. (2010) Formalin-fixed 
paraffin-embedded (FFPE) proteome analysis using gel-free and gel-
based proteomics. J Proteome Res 9, 4710-4720. 
2.  Hauck, S. M., Dietter, J., Kramer, R. L., Hofmaier, F., Zipplies, J. K., 
Amann, B., Feuchtinger, A., Deeg, C. A., and Ueffing, M. (2010) 
Deciphering membrane-associated molecular processes in target tissue of 
autoimmune uveitis by label-free quantitative mass spectrometry. Mol. 
Cell. Proteomics 9, 2292-2305. 
 
S16. Induction of secondary cancers by 
ionizing radiation    
 
S16-01. Understanding and Potentially Reducing Second Cancers 
after Radiotherapy. David Brenner1, I. Shuryak1, R. Sachs2, 1: 
Columbia University Medical Center, USA 2: University of California, 
Berkeley, USA 
 
As radiotherapy patients are being treated at younger ages and are living 
longer, there is increasing concern about their second cancer risks. 
Devising coherent strategies for minimizing such cancer risks requires 
understanding second cancer risks at a minimum as a function of site, 
dose and age. 
Radiation acts both as an initiator of cancer, inducing pre-malignant stem 
cells in stem-cell niches, but also as a promoter of pre-malignant damage, 
by increasing the mean number of pre-existing pre-malignant stem cells 
per niche, which in turn is subject to post-exposure homeostatic 
regulation. Mechanistic models describing these processes yield second 
cancer predictions consistent with available epidemiological dose-
dependent cancer risk data, and also allow us to understand lifetime 
radiation risks as a function of age at exposure. 
Understanding second cancer risks allows us to consider potential new 
strategies for second-cancer risk reduction. As an example, we consider 
second breast cancers after standard post-lumpectomy adjuvant whole-
breast radiotherapy: 
In the contralateral breast, the enhanced cancer susceptibility of breast-
cancer patients dominates, with second-cancer risks (up to 15% in long-
term survivors) that are genetically-independent of the primary. However 
in the irradiated ipsilateral breast, as well as improving primary tumor 
control, standard whole-breast radiotherapy largely eliminates the large 
genetically-independent background cancer risk, probably by killing the 
existing pre-malignant cells in that breast – and replaces that large 
background cancer risk with a smaller radiation-induced cancer risk. Thus 
as well as improving primary tumor control, whole-breast radiotherapy to 
the ipsilateral breast radiotherapy markedly reduces the independent 
second-cancer risk. 
It follows that standard radiotherapy might logically be accompanied by 
concomitant lower-dose prophylactic mammary irradiation (PMI) to the 
contralateral breast. Because there are comparatively few background 
pre-malignant cells in the breast, it appears possible to kill essentially all 
of them with a comparatively low radiation dose (e.g., 20 Gy in 10 
fractions). Thus PMI could markedly reduce the significant cancer risk in 
the contralateral breast, without inducing significant complications. 
 
S16-02. The delayed genetic effects of radiotherapy – what we know 
and what we do not. Yuri Dubrova, Department of Genetics, University 
of Leicester, UK 
 
In recent decades, improvements in treatment have produced dramatic 
increases in survival rates amongst cancer patients. However, along with 
surgery, the mainstays of cancer treatment are radiotherapy and 
chemotherapy, both of which are potentially genotoxic and mutagenic. 
This can lead to the development of secondary, treatment-related 
tumours. Despite the significant progress made in this area, a number of 
pertinent questions, particularly regarding the long-term effects of 
radiotherapy, still remain unanswered. For example, according to the 
results of recent studies the mutagenic effects of ionising radiation are not 
restricted to the directly exposed cells and can manifest either in the non-
irradiated descendants of exposed cells (radiation-induced genomic 
instability) or in the non-exposed neighbouring cells (bystander effect). 
The contribution of these delayed effects to therapy-related secondary 
malignancy will be discussed. 
 
S16-03. Relation between DNA repair defects and development of 
secondary cancers. Janet Hall1, N. Haddy2, L. Tartier1, D. Averbeck3, F. 
De Vathaire4, S. Benhamou5, 1: Institut Curie Inserm U612, France 2: 
Radiation Epidemiology Group, INSERM U1018 Villejuif, F-94805, 
France and Institut Gustave Roussy, Villejuif, F-94805, France and 
University Paris-Sud, Villejuif, F-94800, France 3: Institut Curie 4: 
Radiation Epidemiology Group, INSERM U1018 Villejuif, F-94805, 
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France and Institut Gustave Roussy, Villejuif, F-94805, France and 
University Paris-Sud, Villejuif, F-94800, France 5: INSERM, U946, 
Fondation Jean Dausset, F-75010, Paris and CNRS UMR8200, Institut 
Gustave Roussy, Villejuif F-94805, France 
 
Mammalian cells respond to DNA damage by the activation of multiple 
signalling pathways that allow the efficient and accurate repair of lesions 
with a minimum impact on genome stability. Inter-individual variability 
in the capacity to repair DNA lesions has been implicated both in the risk 
of developing a first malignant neoplasm (FMN) and second malignant 
neoplasm (SMN) following radio- or chemo-therapy but the identification 
of those individuals in the general population who are at greater risk of 
developing these adverse effects remains a major challenge. In order to 
investigate the molecular events that might lead to a SMN we are 
comparing the response of lymphoblastoid cell lines established from 
individuals who as children were treated with radiotherapy and/or 
chemotherapy for a FMN. Among a cohort of 3744 individuals treated in 
France (between 1942 and 1986) before the age if 16 for a solid tumour 
or a lymphoma, 245 have developed a SMN. Cases (defined as those 
developing a SMN) and controls (only with a FMN) were matched on age 
at FMN diagnosis (+/- 3 years), gender, site of first cancer, and follow-up. 
A lymphoblastoid cell line was established from a blood sample collected 
from surviving cases and controls and they are being used to investigate 
our hypothesis that the in vitro response to radiation of cell lines 
established from those individuals that developed a SMN will be different 
to that seen in the matched controls. As a response endpoint we are 
measuring the formation and persistence of gamma-H2AX, a protein 
implicated in the detection and signalling of DNA double strand breaks. 
A pilot study is also underway to measure the transcriptional induction of 
CDKN1A/p21 after exposure to ionising radiation which has been 
reported to be lower in both lymphoblastoid cell lines and T-cell cultures 
established from breast cancer patients showing an abnormal response to 
radiotherapy in order to investigate whether a lower induction is also 
associated with a higher risk of SMN. Preliminary results will be 
presented for each endpoint. 
  
Grants from Programme Hospitalier de Recherche Clinique (N°AOM 
06 158), la Ligue Nationale Contre le Cancer and INCA and the 
continued financial support from EDF is very gratefully acknowledged. 
 
S16-04. Modelling the induction of secondary cancers from 
radiotherapy. Iuliana Toma-Dasu, Stockholm University, Sweden 
 
Radiotherapy is one of the major treatment modalities for cancers, about 
half of the patients receiving radiation alone or in combination with other 
therapeutic modalities. At the same time, radiation is a carcinogenic agent 
and therefore the issue of the induction of secondary cancers in long term 
survivors from radiotherapy becomes increasingly important. In this 
respect there has been suggested that risk predictions could be used as 
complementary criteria for the selection of plans in addition to the 
estimation of the possible deterministic effects. Most of the data on 
radiation carcinogenesis risk come from radiation protection studies and 
therefore attempts to include risk estimations into treatment planning 
must take into consideration the specific features of radiation treatment, 
such as dose levels, dose heterogeneity and fractionation. Of particular 
importance is the model that describes the dose response of individual 
patients as well as populations of patients as may be encountered in 
clinical studies. 
This presentation explores several methods for estimating the risk of 
cancer following radiotherapy and investigates the influences of the 
particular features of radiotherapy. It also deals with the confounding 
factors that may be reflected in the results and may therefore hamper the 
interpretation of epidemiological data. In particular, it reviews the 
importance of dose heterogeneity and the competition between cell 
killing and the induction of carcinogenic mutations in predicting risk for 
secondary cancer, and therefore the importance of dose volume 
histograms for risk assessments in radiotherapy. The roles of cell 
survival, inducible repair and heterogeneity of the patient response were 
also taken into consideration for explaining the dose response curves 
observed experimentally. The findings stress the importance of taking 
into account the details of the clinical delivery of dose in radiotherapy for 
treatment plan evaluation or for retrospective analyses of the induction of 
secondary cancers as this would provide more reliable parameters for 
future risk modelling. 
 
S17. Multiple stressors (covers humans and 
environmental studies)    
 
S17-01. Multiple Stressors – Issues to Ponder. Colin Seymour, 
McMaster University, Canada 
 
Radiation may interact with chemical stressors in a number of different 
ways; and in combination it may then interact with target cells/organs in 
yet further and different ways. Radiation and the chemical stressor may 
be regarded as either a mixture with each retaining it‘s unique properties, 
or a compound with new properties of it‘s own. These may have 
markedly different effects, especially if the mixture is binary with respect 
to time. The passage of time is constantly changing the milieu of the 
receiving cell, but equally the radiation mixture or compound will change 
the internal milieu of the receiving cell. If the mixture is binary with 
respect  to time, the receiving cell may well behave differently if the 
radiation is received as the first, rather than the second stressor, because 
the cellular environment will have been modified by the first stressor it 
receives. So mixtures may provoke different responses if given in 
different ways over varying time periods. The cellular responses to 
compound stressors may be equally unpredictable. Legislation needs 
predictability and certainty. Low dose effects are unpredictable and 
uncertain. The precautionary principle would suggest that if an effect 
cannot be predicted, then perhaps it should be legislated against, 
(Although it could be beneficial). 
Some kind of acceptable damage endpoint is needed that can be 
extrapolated through all life forms, environments and life stages. This 
presentation will discuss some of the issues and suggest approaches to 
develop a framework for research and regulation in this complex area. 
 
S17-02. Developmental co-exposure to low doses of ionizing radiation 
and environmental toxicants during a critical period of brain 
development exacerbate cognitive effects in adult mice. Per Eriksson1, 
Synnöve Sundell-Bergman2 ,  Henrik Viberg1 , Sonja Buratovic1 , Bo 
Stenerlöw1, Anders Fredriksson1 , 1: Uppsala University, Sweden, 2: 
Swedish University of Agricultural Sciences, Uppsala, Sweden 
 
We are indirectly or directly exposed to persistent environmental 
toxicants as well as to ionising radiation (IR). Neurological disorders and 
diseases are rarely unidimensional or unifactorialand it is therefore 
important to integrate different environmental agents, multiple stressors, 
which might act synergistically to exacerbate developmental toxic effects. 
everal epidemiological studies indicate that exposure to environmental 
agents, including IR, during early human development can have 
deleterious effects on cognitive development in childhood. By using the 
mouse as an animal model we can study the effect of a single toxic agent 
administered directly to the neonatal animal during different stages of the 
rapid brain growth (BGS). This animal model allows us to isolate the 
effects of certain environmental agents, combination of environmental 
stressors and to specify certain issues that can be difficult to solve in 
traditional developmental toxicity tests as well as in epidemiological 
studies. 
These effects are induced when the exposure occurs during a critical 
phase of neonatal brain development. Of special concern is that the 
effects after  
 
S17-03. Portable Langendorff system for determination of effects of 
nanoparticles after radiation. Melanie Maier1, S. Tapio1, A. Stampfl2, 
M. Atkinson1, 1: Institute of Radiation Biology, Helmholtz Zentrum 
München, German Research Center for Environmental Health, 
Neuherberg, Germany 2: Institute of Toxicology, Helmholtz Zentrum 
München, German Research Center for Environmental Health, 
Neuherberg, Germany 
 
Introduction: Engineered Nano Particles (ENP) are used in increasing 
quantities for industrial products, foodstuffs and pharmaceuticals. In our 
previous studies on the effects of ENP using isolated Langendorff hearts 
of guinea pigs we detected an increase in heart rate and occurrence of 
arrhythmia.  We adapted the isolated heart, allowing us to dissociate 
direct effects on the heart from systemic inflammatory effects. The novel 
Langendorff portable system enables simultaneous irradiation and 
treatment with ENP of isolated hearts. 
Method: Hearts were excised immediately and mounted in the 
transportable Langendorff equipment. They were perfused retrograde 
with oxygenated Krebs-Henseleit-Buffer that was recirculated afterwards. 
Hearts were irradiated with a gamma dose of 0.5 Gy and 3 Gy (Cs-137). 
After irradiation the particle solution was added and circulated for the 
next four hours. By recording the ECG of Langendorff hearts, alterations 
in heart rate and ECG form could easily be discovered. Guinea pig as an 
experimental animal model was chosen as its ECG form shares similar 
features with the human one. 
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Results: The radiation experiments showed a significant decrease in heart 
rate if the heart was exposed to the combination of ionising radiation and 
TiO2 nanoparticles. Irradiation at a dose of 0.5 Gy or 3 Gy (gamma-rays) 
alone had no influence on heart function over 4 hours. However, if the 
irradiated heart was exposed to TiO2 the heart rate decreased by 21 % 
during the second hour after application of TiO2. In contrast, the same 
particle concentration evoked, without radiation, an increase in heart rate 
by 13 %. The combination of high- or low-dose radiation and 
nanoparticles evoked arrhythmia. Experiments with 0.1 Gy are in 
progress. 
Conclusion: Taken together, the portable Langendorff system enables 
irradiation of isolated hearts and treatment with different kind of ENP. It 
also enables investigation of combined effects of ionising radiation 
together with other stressors. The heart tissue and cardiac mitochondria 
will be studied by proteomic and genomic analysis. 
 
S17-04. Epidemiology of uranium workers in France. Radiological 
and not-radiological exposure and its effects. Irina Guseva Canu, 
Institut de Radioprotection et Sûreté Nucléaire, France 
 
Epidemiological studies have reported direct evidence of adverse health 
effects from protracted occupational exposure to low doses of external 
radiation.  However, the effects of internal radiation exposure among 
workers are less clear. 
A pilot study of French nuclear workers with potential for protracted 
internal exposure to low doses of uranium was launched in 2005 at the 
AREVA NC Pierrelatte (1960-2006) plant, one of the main uranium 
processing plants in France. This study aimed at assessing the feasibility 
of analyzing the risk of cancer and non-cancer mortality associated to 
occupational exposure to uranium by developing alternative methods of 
exposure assessment. Exposure to uranium and other chemical pollutants 
handled at the plant was assessed through the plant-specific Job Exposure 
Matrix elaborated on the basis of expertise and individual occupational 
data. This study yielded original results on cancer and non-cancer 
mortality related to protracted low-dose uranium exposure, which suggest 
that effects on mortality differ by type and solubility of uranium 
compounds. These results should be verified on larger workers 
population, such as the Tracy-U cohort. This cohort is currently in 
construction, expecting to gather occupational biomedical and dosimetric 
surveillance data for about 10000 French nuclear workers. 
A short summary will be given of the cohort extension to other uranium 
processing workers in France, and research planned in collaboration with 
European partners in the near future. 
 
S17-05. Sublethal effects in juvenile atlantic salmon (Salmo salar) 
induced by multiple stressors (gamma radiation and metals). Brit 
Salbu Norwegian University of Life Sciences (UMB), Ås, Norway 
no abstract 
 
S18. Radiation-produced intermediates - 
basic problems    
 
S18-01. DNA damage induced by fast-flowing metastable species in a 
cold plasma. Sylwia Ptasinska1, A. Stypczynska2, B. Bahnev2, N. J. 
Mason2, 1: University of Notre Dame, USA 2: The Open University, 
USA 
 
Cold plasmas are increasingly being suggested as a tool for wound 
treatment, cosmetic surgery and dentistry areas. As part of our wider 
programme to study radiation damage of biomolecules we have used such 
a cold plasma to explore its effect on DNA molecules [1,2]. 
In these experiments highly purified plasmid DNA was exposed to the 
plasma and DNA strand breaks were determined by gel electrophoresis. 
Rapid degradation of supercoiled DNA is observed, up to 60% within the 
first ten seconds of plasma treatment, followed by a period when there 
was a slower accumulation of damage. The complexity of plasma-
generated species, i.e. excited atoms, charged particles, electrons and UV 
light gives a variety of possible pathways by which DNA can be 
damaged. Therefore the aim of this study is to understand the interaction 
of particular components of the plasma with DNA. 
In order to estimate the effect of plasma species on plasmid DNA, optical 
and electrostatic filters were placed in front of the sample. The physical 
and chemical properties of the plasma jet were characterized by means of 
optical emission (OE) spectroscopy. The obtained OE spectra have shown 
the presence of many reactive species within the plasma jet including 
excited atoms and molecules and radicals many of which fluoresce in the 
UV. 
We have estimated that most of the damage to DNA during plasma 
irradiation is due to the interaction of excited or/and reactive species, e.g. 
O2*, He*, O and OH. The damage due to other components present in the 
plasma such as charged particles is restricted as a result of rapid electron-
ion recombination. 
References: 
[1] A. Stypczynska, S. Ptasińska, B. Bahnev, M.D. Bowden, N.St.J. 
Braithwaite, N.J. Mason, CPL 500 (2010) 313 
[2] S. Ptasińska, B. Bahnev, A. Stypczynska, M.D. Bowden, N.J. Mason, 
N.St.J. Braithwaite, PCCP 12 (2010) 7779 
 
S18-02. A comparison of X-ray, proton and alpha beam track 
structures using Monte Carlo simulations. Aimee McNamara1, S. 
Guatelli2, M. Reinhard3, A. Rozenfeld2, 1: Australian Nuclear Science 
and Technology Organisation , Australia 2: University of Wollongong 3: 
Australian Nuclear Science and Technology Organisation, Australia 
 
The lethal damage to cells by ionising radiation is thought to be initiated 
by single and double strand breaks in the DNA molecule.  In particular, 
the clustering of ionisation events in the DNA molecule appear to 
correlate with the formation of such strand breaks and investigating the 
cluster distribution within DNA segments could be highly beneficial to 
radiation therapy treatment planning. Since quantities, such as the 
absorbed dose do not take into account the track structure of the ionising 
particle or the biological target structure, the frequency of the distribution 
of the ionisation cluster size in the target is likely to be an important 
determinant of the biological effectiveness of the radiation. 
Here we compare the ionisation cluster distribution of X-ray, proton and 
alpha pencil beams at the nanometric scale, by means of Monte Carlo 
simulations using the simulation toolkit Geant4. The Geant4 Very Low 
Energy extension models were used to model the track structure 
determined by the low energy secondary delta electrons. Simulations 
were performed in a liquid water phantom and the ionisation cluster 
distribution as a function of the distance from the beam was determined at 
different points along the beam trajectory. X-rays generate an abundance 
of low energy electrons (photo electrons and Auger electrons), similar to 
that associated with MeV protons or alphas, leading to an increase of the 
relative biological effectiveness above 1. We have obtained a theoretical 
comparative analysis of the ionisation cluster distributions for each 
particle type, with the aim of better understanding the underlying 
mechanism of experimental treatment plans, such as microbream 
radiation therapy and targeted alpha therapy. 
 
S18-03. Reaction of Carotenoids with Free Radicals and Singlet 
Oxygen. Ruth Edge1, F. Boehm2, T. George Ruscott3, 1: The University 
of Manchester, UK 2: Charité-Universitätsmedizin Berlin, Germany 3: 
Keele University, UK 
 
Carotenoids are responsible for the colouration of many fruits, 
vegetables, birds, flowers and animals. For example, beta-carotene in 
carrots, lycopene in tomatoes, canthaxanthin in flamingos and astaxanthin 
in salmon. They arise both in the reaction centre and antenna complexes 
of photosynthetic systems and have wide-scale commercial use as food 
colourants. In medicine, carotenoids have been shown to be useful in 
treating erythropoietic protoporphyria, age-related macular degeneration 
and cataracts. Epidemiology has shown that a high carotenoid intake may 
be able to protect against coronary heart disease and several forms of 
cancer. However, some clinical trials report that supplementation in the 
consumption of beta-carotene may lead to deleterious effects in certain 
sub-populations such as heavy smokers. Linked to such observation, the 
pro-oxidant as well as anti-oxidant roles of the carotenoids are now much 
discussed. 
Since the quenching of free radicals and singlet oxygen by carotenoids is 
believed to contribute to their anti-oxidant properties and their ability to 
inhibit the onset of diseases, as well as their pro-oxidant properties, we 
have studied a wide range of carotenoid-reactive oxygen species reactions 
using the pump-probe techniques of pulse radiolysis and laser flash 
photolysis. 
Carotenoids are shown to be efficient singlet oxygen quenchers with 
lycopene exhibiting the most efficient quenching in organic solvents. 
However, in membrane environments there is little or no difference in the 
quenching efficiency between the dietary carotenoids, and their 
aggregation reduces the quenching efficiency. 
Free radical interactions with carotenoids leads to at least three processes, 
electron and hydrogen atom transfer and adduct formation. The most 
studied is electron transfer where the carotenoid loses an electron to 
become a radical cation. The reactivity of such carotenoid radicals with 
other biomolecules has also been studied, showing how a switch from 
anti- to pro-oxidant behaviour may occur. These reactions are related to 
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the carotenoid redox potentials with lycopene‘s being the lowest allowing 
it to reduce/repair other carotenoid radical cations and be ‗sacrificed‘ 
where mixtures of carotenoids are present in oxidative environments. 
 
S18-04. Scavengers as a mitigating strategy against radiation damage 
in macromolecular crystallography. Ian Carmichael1, E. Garman2, 1: 
Notre Dame Radiation Laboraotry, USA 2: University of Oxford, UK 
 
The rate of radiation damage to macromolecular crystals (of e.g., 
proteins) at room temperature has previously been shown to be reduced 
by the use of certain radical scavengers [1]. Presumably these scavengers 
can intercept damage agents formed as a result of energy deposition in the 
media surrounding the protein. Indeed an inverse dose rate effect has 
been observed at room temperature in the absence of scavengers, lending 
support to this idea [2]. Some limited and conflicting information on the 
effectiveness of scavengers has been reported at cryotemperatures 
(typically 100 K) where most synchrotron MX beamlines currently 
operate. 
Here the effects of sodium nitrate, an electron scavenger, are investigated 
at 100 K. For sodium nitrate at a concentration of 0.5 M in chicken egg 
white lysozyme crystals, the dose tolerance is increased by a factor of 2 
as judged from the global damage parameters, and no specific structural 
damage to the disulfide bonds is seen until the dose is greatly in excess (> 
factor of 5) of the value at which damage appears in electron density 
maps derived from a scavenger-free crystal. In the electron density maps, 
ordered nitrate ions adjacent to the disulphide bonds are seen to 
sequentially lose oxygen atoms, and appear to protect the disulphide 
bonds. The mechanisms of action of this scavenger in the crystalline 
environment has been postulated [3] and will be presented, and some 
further possibilities suggested by these results will be explored. 
 [1] Room temperature scavengers for MX: increased lifetimes and 
modified dose dependence of the intensity decay. AI Barker, RJ 
Southworth-Davies, KS Paithankar, I Carmichael, and EF Garman. J 
Synchrotron Radiat (2009) 16, 205-216. 
[2] Observation of decreased radiation damage at higher dose rates in 
room temperature protein crystallography. RJ Southworth-Davies, MA 
Medina, and EF Garman. Structure (2007) 15, 1341-51 
[3] Effective scavenging at cryotemperatures: further increasing the dose 
tolerance of protein crystals. EF Garman, E De la Mora, and I 
Carmichael. J Synchrotron Radiat (2011) 18, 346-357 
 
Conference lectures CL07 - CL12  
 
CL07. ATM-53BP1 pathway in response to DNA double strand 
breaks and cancer development. Thanos Halazonetis, M. Kocylowski, 
A. Dereli-Oz, University of Geneva, Switzerland 
 
We recently proposed a model for cancer development that tries to 
explain the presence of genomic instability and p53 mutations in human 
cancers. The key feature of the model is that oncogenes induce DNA 
replication stress, as revealed by the presence of DNA damage and 
genomic instability in precancerous lesions and human cancers. To 
further test our model, we reviewed data from two recent studies that 
have catalogued the presence of a specific class of genomic aberrations, 
large deletions and insertions, in a few thousand human cancers. Analysis 
of the data reveals that most of the prevalent recurrent focal deletions 
target common fragile sites and large genes. We (and others) further 
showed that in various experimental systems, deletions in common fragile 
sites and large genes are due to the presence of DNA replication stress. 
Thus, taken together, these results suggest the presence of DNA 
replication stress in human cancers, consistent with the recently proposed 
oncogene-induced DNA damage model for cancer development. 
Interestingly, our model is also relevant in the context of induced 
pluripotent stem cells, whose reprogramming is dependent on oncogene 
expression 
The ATM-53BP1 pathway is central to the response of mammalian cells 
to DNA DSBs and is activated in human cancers. We have shown that 
recognition of DNA DSBs by 53BP1 involves binding of the tudor 
domain of 53BP1 to methylated lysine residues in histones. Others have 
also shown that ubiquitination of histones is also important for 53BP1 
recruitment to sites of DNA DSBs. We now show that localized 
expression of ubiquitin ligases in cell nuclei leads to recruitment of 
53BP1 to chromatin bypassing factors that are otherwise necessary for 
53BP1 focus formation in response to irradiation, such as histone H2AX 
and MDC1. 
 
CL08. Inflammatory Responses to Radiation. Willliam McBride, 
University of California, Los Angeles, USA 
  
The link between radiation and inflammation lies in that they both 
generate reactive oxygen/nitrogen (ROS/RNS) species that generate pro-
inflammatory states. This oversimplification is made more complex by 
the fact that many forms of inflammation exist that change temporally 
and depend upon the tissue type and microenvironment, but many of the 
features of the radiation tissue damage response, including cell death, 
proliferation, infiltration, angiogenesis and wound healing are dictated by 
the inflammatory component within the lesion. Molecules released from 
damaged cells (DAMPS) play an important role in dictating the responses 
made, as do the levels of specific cytokines that orchestrate responses. 
Over time, radiation-induced tissue damage responses can recur 
especially after doses that approach tolerance, with associated 
inflammation. In a sense, late radiation effects can therefore be viewed as 
chronic inflammatory states. A corollary of the involvement of ROS/RNS 
is that anti-oxidant programs are linked to anti-inflammatory cytokine 
involvement that dampen and attempt to control overexuberant responses. 
This lecture will attempt to present the interplay of factors that are critical 
to radiation-induced inflammation, its role in normal tissue and tumor 
responses, and discuss how these may be targeted for therapeutic 
improvement. 
Supported by NIH-NIAID 2 U19 A1 67769-01 and DOD W81XWH-07-
1-0135. 
 




CL10. Hypoxia and its role in radiotherapy of tumors. Albert van der 
Kogel, Radboud University Nijmegen Med Ctr, Netherlands 
 
The oxygenation status is one of the main factors that are known to 
modify the radiation sensitivity of cells and tissues. The first research to 
firmly establish the role of molecular oxygen in the fixation of free 
radical damage can be attributed to Harold Gray and coworkers in the 
1950‘s, and as of today the concept of hypoxic cells being radioresistant 
has become one of the dogmas of radiotherapy. However, like several 
other key dogmas of radiotherapy these concepts have been translated 
directly from in vitro cell assays to organized tissues and tumors in vivo. 
A more realistic view of hypoxia in tumors arrived in the 1970‘s with the 
recognition of acute vs chronic hypoxia as well as transient hypoxia. 
These different forms of hypoxia clearly had a different impact on 
radiosensitivity, and also introduced a more dynamic image of hypoxic 
cells and their fate after radiation. Reoxygenation, initially simply viewed 
as hypoxic cells gaining access to oxygen after irradiation and death of 
well oxygenated cells, also was shown to have various mechanistic 
origins, varying in time scale from minutes to days. 
At a molecular level the discovery of hypoxia-inducible factor in the 
early 1990‘s changed the emphasis from a pure physico-chemical 
interaction to a complex network of signaling cascades with a large 
impact on many cellular functions. 
In this lecture the implications of the dynamics of various forms of 
hypoxia on modern image-guided high precision radiotherapy will be 
discussed.  
 
CL11. Antioxidants: Help or Hype. Ann R. Kennedy Kennedy, 
University of Pennsylvania, USA 
 
Antioxidants have been shown to mitigate or prevent various adverse 
biological effects caused by exposure to the types of radiation 
encountered during space travel as well as to those encountered on Earth. 
The primary types of space radiation of particular concern for the health 
of astronauts are protons and highly energetic, heavy, charged particles 
known as HZE particles.  Relatively little is known about the biological 
effects of protons and HZE particle radiation compared to what is known 
about the effects of conventional/reference radiations, such as x- or 
gamma rays. It is known, however, that some space radiations are equally 
effective as, and sometimes considerably more effective than, 
conventional radiations at producing biologic effects at comparable dose 
levels. In experimental radiation research investigations involving cell 
and animal model systems, calculated relative biological effectiveness 
(RBE) values have been particularly high for some HZE particle 
radiations and some biological endpoints.  Such high RBE values for 
HZE particles are presumably due to their high linear energy transfer 
(LET) radiation. 
At this time, antioxidants have been shown to suppress: proton and HZE 
particle radiation induced oxidative stress, cytotoxicity, and malignant 
transformation in both in vitro and in vivo systems, cataractogenesis in 
vivo and several central nervous system (CNS) adverse effects. There are 
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some concerns about the use of antioxidants as countermeasures for space 
radiation induced adverse biological effects which will be discussed 
during this conference lecture. It is believed that antioxidants are not only 
in the ―help‖ category, but can be classified as ―essential‖ for mitigation 
and/or prevention of both acute and chronic adverse biological effects 
brought about by exposure to radiation. 
Acknowledgements:  The work described from the author‘s laboratory 
has been supported by grants from NASA (NAG9-1517) and the NSBRI. 
The NSBRI is funded through NASA NCC 9-58.   
 
CL12. Radiolysis of sub- and supercritical water. Yosuke Katsumura, 
The University of Tokyo, Japan 
 
Introduction 
Radiolysis of water at elevated temperatures is a challenging subject not 
only in science but also in technology, especially in nuclear technology. 
In current nuclear power plants, water is used as a coolant and circulated 
in the primary circuit at around 300 °C. Coolant water is decomposed 
under strong radiation filed of fast neutrons and g-rays at the reactor core 
and, consequently, the chemical condition of the coolant is determined 
predominantly by water radiolysis. Therefore, understanding of water 
radiolysis at elevated temperature is essential to keep the safe operation 
and integrity of the nuclear power plants. This is also important to the 
development of supercritical water-cooled reactor, in which higher than 
600 °C is expected as an outlet temperature. Then, the understanding the 
radiolysis of sub- and supercritical water (> 374.1 °C and > 22.1 MPa) is 
important. Since the speed of reactions is accelerated at elevated 
temperatures, an ultrafast pulse radiolysis technique has been highly 
expected. 
In the present work, at first, an ultrafast pulse radiolysis system has been 
developed for the study on the radiolysis of sub- and supercritical water is 
introduced. Then, experimental results and their characteristics are 
summarized. The characteristics of the reactions at elevated temperatures 
will be clarified based on the Monte Carlo simulation. 
Results and Discussion.  
Temporal behavior of G(e-aq) observed at elevated temperatures 
In order to evaluate the G(e-aq), both temperature dependent density 
change of water and shift of the absorption band of the hydrated electron 
should be taken into account. I addition, an assumption that the 
absorption coefficient at the peak of the hydrated electron is temperature 
independent is introduced according to recent evaluation by Elliot and 
Bartels, and temporal behavior at different temperatures was easily 
evaluated. From this measurement it is clear that the initial yields are 
almost temperature independent. However, decay is accelerated with 
increasing temperature. At room temperature, spur decay seems 
continuous over 6 ns but, above 300 °C, faster and larger decay 
completed within 1 ns is observed. 
It is interesting to compare the decay of the hydrated electron in light 
water and heavy water. The difference of the initial yield is not 
appreciable but the decay in D2O is slightly slower than in H2O. This 
result is consistent with the observation at room temperature by Bartels. 
Similar behavior is kept at elevated temperatures. 
Spur decay at elevated temperatures 
Among the spur reactions, the following reactions would be responsible 
to the fast decay at elevated temperatures. 
                            e-aq + OH -> OH
-                                   (1) 
                            e-aq + H
+ -> H                                        (2) 
                            e-aq + e
-
aq + 2H2O -> H2 + 2OH
-                   (3)     
The rate constants of above reactions have been investigated intensively 
and Elliot and Bartels have summarized the latest data. The rate constant 
of the reaction (1) is increasing smoothly and evaluated to be 3x1010 and 
3.73x1011 M-1s-1 at room temperature and 300 °C, respectively. It is 
reported that the reaction (2) is increasing significantly from 2.0x1010 to 
7.1x1011 M-1s-1 at room temperature and 300 °C, respectively. On the 
contrary, the reaction (3) is increasing from 6.0x109 to 7.5x109 M-1s-1 at 
room temperature and 150 °C, respectively, but above 150 °C the rate 
constant drops rapidly. It is concluded that the contribution of the reaction 
(2) becomes larger and larger at elevated temperatures and faster decay is 
attributable to the reaction (2). 
Monte Carlo simulation 
Monte-Carlo techniques are used to model the complex succession of 
events that are generated in liquid water under irradiation. The detailed 
description of the Monte-Carlo code IONLYS-IRT developed by Prof. 
Jay-Gerin group, that simulates the initial production of the various 
reactive species and the subsequent chemical reactions of these species, 
has been given previously. This has succeeded to reproduce the 
experimental results in water radiolysis not only with low LET radiation 
but also with heavy ion beams. Recently, this has been extended from 
room temperature to high temperatures up to 350 °C. In this simulation, 
the latest data set of reactions at elevated temperatures has been taken. 
It was found that the Monte Carlo simulations are able to reproduce the 
present experimental results obtained from room temperature to 300 °C 
quantitatively and that the contribution of the reaction (2) becomes 
predominant at elevated temperatures as mentioned in a previous section. 
Density dependence in supercritical water at 400 °C 
It was reported that the yield of hydrated electron in supercritical water is 
strongly dependent on pressure, namely density based on the scavenging 
experiment. Therefore, it is interesting to check above by direct 
measurement and pressure dependent measurement has been performed at 
400 °C. The direct measurement of the hydrated electron confirms the 
reliability of our previous evaluation that the yield of hydrated electron is 
density dependent; lower density, the higher yield. However, previous 
Monte Carlo code developed up to now seems difficult to apply the 
radiolysis of supercritical water because the clustering structure in the 
supercritical water should be taken into account. Further work is highly 
expected. 
Acknowledgement. This work has been done in collaboration with Dr. 
Yusa Muroya at University of Tokyo and Dr. Mingzhang Lin at Japan 
Atomic Energy Agency in our research group, Prof. Mehran Mostafavi 
and Dr. V. de Waele in a group at Laboratory for Chemical Physics, 
Paris-Sud, France and Prof. Jean-Paul Jay-Gerin and Dr. Jintana 
Meesungnoen in a group of University of Sherbrooke, Canada. 
The LINAC Division, Nuclear Professional School, especially Prof. M. 
Uesaka and Mr. T. Ueda, has supported this work strongly and 
continuously. Without their support, we could not obtain the above 
valuable results. 
 
Plenary lecture 03    
 
PL03. The varied faces of hypoxia in cancer: from radiation 
resistance to metastasis to stem cell niche. (H.S. Kaplan lecture). 
Richard Hill, Ontario Cancer Institute/Princess Margaret Hospital, 
Canada 
 
The microenvironment of a tumour is complex involving aspects, such as 
hypoxia, associated with pathophysiological conditions largely driven by 
the vascular and lymphatic components, and interactions between the 
tumour cells, the stromal cells and the extracellular matrix. Our 
understanding of how these features of the tumour microenvironment 
cross-react remains quite limited but hypoxia is increasingly being 
investigated as a target to improve tumour response to drug treatment. 
This is no surprise to radiation scientists since hypoxia has long been 
argued to play a role in radiation response. The demonstration in the 
1950‘s of the effects of hypoxia on cellular radiation sensitivity led to 
prediction that hypoxic cells in tumours would limit response to 
radiotherapy. However, the findings that hypoxic cells in tumours could 
reoxygenate during fractionated radiotherapy cast doubt on the 
importance of hypoxia. Although some studies with hyperbaric oxygen 
and hypoxic cell radiosensitizers supported the role of hypoxia in 
treatment resistance, the data was not widely regarded as convincing. It 
was only with the introduction of direct methods to assess levels of 
hypoxia in tumours in the 1990s that it was appreciated that there was a 
wide range of hypoxic levels in tumours and that hypoxia is 
heterogeneous both spatially and temporally. That tumours with high 
levels of hypoxia are likely to respond poorly to treatment has now 
become more widely accepted. However, there remains limited use of 
techniques to measure hypoxic levels in tumours prior to therapy or to 
address this issue therapeutically. Also in the 1990‘s it was demonstrated 
that hypoxia in tumours could promote increased metastatic spread and 
the discovery of the HIF transcription factors led to findings that hypoxia 
affects the expression of many genes. Recent findings also suggest that 
hypoxia plays an important role in tumour growth through its effects on 
specific cell signaling pathways and that hypoxic cells may be 
particularly vulnerable to drug inhibition of specific pathways.  Most 
recently gene expression changes associated with hypoxia have been 
suggested to play a role in the maintenance of a stem cell niche in 
tumours. Various aspects of hypoxia as it relates to tumour progression 
and treatment response will be discussed in the lecture. 
 
Wednesday 
Eye openers EO13 - EO17 
 
EO13. Update on radiation risk estimates from A-bomb survivors. 





To determine health effects of radiation in A-bomb survivors, the 
Radiation Effects Research Foundation has been conducting studies on 
the Life Span Study (LSS) population which consists of 93,000 A-bomb 
survivors and 27,000 controls.  
Solid cancer: The most important result of the LSS is elevation of cancer 
risk with increase of radiation dose. For incidence of solid cancers, it is 
estimated that, at age 70 following exposure at age 30, solid cancer rates 
increase by about 35% per Gy for men and 58% per Gy for women. The 
age-at-exposure is an important risk modifier.  For lung cancer, cigarette 
smoking has been found to be an important modifier.  Radiation has 
similar effects upon first primary and second primary cancer risks. 
Finally, it appears that radiation-associated increases in cancer rates 
persist throughout life. 
The in utero group exhibited dose related increase in incidence rate for 
solid cancers. The lifetime risk, however, may be considerably lower than 
for early childhood exposure. 
Leukemia: In the most recent decade of observation (1991-2000) on 
mortality, it was suggested that the effect of A-bomb radiation on 
leukemia mortality has persisted for more than five decades. In addition, 
significant dose-response for myelodysplastic syndrome was found in 
Nagasaki LSS members 40 to 60 years after radiation exposure. 
Cardiovascular disease: Mortality due to cardiovascular disease (CVD), 
including heart disease and stroke, has been studied in the LSS.  Dose-
related increase in CVD mortality in the LSS is apparent.  The linear 
dose-response estimates of excess relative risks per Gy were 14% for 
heart disease and 9% for stroke, although the risks below about 0.5 Gy 
are unclear.  The Adult Health Study, which is clinical follow-up 
program, has provided further support by showing associations of 
radiation exposure with alterations in CVD risk factors, including blood 
pressure, inflammation markers and lipid metabolism.  However, there 
are still important questions remain unanswered. 
Future perspective: In view of the nature of the continuing increase in 
solid cancer risks, the LSS should continue to provide important new 
information on radiation exposure and solid cancer risks for another 15 to 
20 years. In addition, the LSS also should continue to provide important 
information on non-cancer disease risks, such as CVD. 
 
EO14. Molecular Mechanisms of Extreme Radioresistance displayed 
by Insect Cells. SUDHIR CHANDNA1, K. 1, S. HAMBARDE1, A. 
KUMAR SINGH1, S. KUMAR SINGH1, J. SWAROOP KUMAR1, V. 
SINGH1, S. SUMAN2, R. KUMARSWAMY3, B. S. DWARAKANATH1, 
V. JAIN4, R. KUMAR SETH5, R. P. TRIPATHI1, 1: Institute of Nuclear 
Medicine & Allied Sciences, India, 2: Lombardi Comprehensive Cancer 
Center, Georgetown University, Washington DC, USA, 3: Medical 
School Hannover, Hannover, Germany, 4: Gurgaon, Haryana, 5: 
Department of Zoology, Univ of Delhi, Delhi, India 
 
Introduction: Lepidopteran insect cells are an intriguing model of 
radiation response since these display 50-100 times higher radioresistance 
than mammalian cells despite having numerous homologies with the 
latter. Extensive studies are conducted in our laboratory for understanding 
the cellular responses & molecular pathways induced by radiation/ stress 
in these cells. 
Methods: Cellular radiation/stress responses of Sf9 ovarian cell line 
derived from Spodoptera frugiperda, the Fall armyworm (order 
Lepidoptera; class Insecta) were studied; including DNA & cytogenetic 
damage, DNA repair, oxidative stress, nitrosative stress, NOS pathway, 
micro-RNA regulation as well as modes and mechanisms of cell death. 
Results: Sf9 cells display excessive resistance to g-radiation doses up to 
500Gy-1000Gy, with the iso-effect doses inducing DNA damage varying 
by up to 10 times. However, cell death was induced only at 1000Gy or 
higher, about 100 times higher than radiation doses lethal for human 
cells. Mitochondrial/ calcium disturbances were detected only at death-
inducing doses, leading to typical apoptosis. Mitochondrial pathway of 
apoptosis was also induced by actinomycin-D with a excessive sensitivity 
in Sf9 cells, and cytosolic cytochrome-c release was Bax-mediated/ 
mPTP-independent in nature. These cells have significantly stronger 
antioxidant mechanisms accompanied by a prominent absence of NOS-
induced NO-mediated response. Proteomic profiles indicated a stronger 
mitochondrial response with alterations in expression of much lesser 
number of proteins following irradiation. Peculiar differences in 
chromatin organization may also prevent DNA damage or enhance DNA 
repair, which is being investigated. These cells also showed dependence 
on certain micro-RNAs known to regulate cell death in Drosophila, 
indicating presence of alternate/additional mechanisms. 
Conclusion: Lepidopteran insect cell radioresistance seems to have 
developed at important crossroads during the evolutionary changes in 
stress response mechanisms, and is revealing novel features of cellular 
radiation response. These studies may help greatly in the development of 
more effective modalities for biological radioprotection. 
 
EO15. Combined Chemo-Radiation Therapy. Krzysztof Składowski, 
Institute of Oncology, Maria Skłodowska-Curie Cancer Center, Poland 
 
Over the last 10 years the combination of two cytotoxic agents - radiation 
and chemotherapy has become a standard (sometimes a ―gold standard‖) 
management of human cancer patients. Nowadays, there is a wide 
spectrum of neoplasms where sequential or concurrent combination of 
both works effectively in the clinic. Induction (neoadjuvant) 
chemotherapy before main loco-regional treatment based on radiation is 
indicated usually for advanced stage of cancer disease in head and neck, 
breast, oesophagus, gastro-intestinal tract and, including androgen 
deprivation hormonotherapy, in prostate. Concurrent chemo-radiation is 
effective postoperatively in high grade glioma patients, in lung cancer 
patients, oesophagus cancer patients, rectal cancer patients, cervix cancer 
patients and some pediatric neoplasms, both postop and definitively in 
head and neck cancer patients. The benefit coming from adjuvant 
chemotherapy (given in postop and/or postradiotherapy settings) is well 
documented in breast cancer patients, gastrointestinal cancer patients and 
some sarcoma patients. Also in many systemic neoplasms like lymphoma 
or plasmacytoma where chemotherapy remains the treatment of choice 
some kind of cooperation with irradiation still exists. Thus it is not only 
obvious that a high percent of cancer population is a target of that 
combined treatment, but majority of it has obtained some kind of benefit 
compare to single modality treatment. What is the source of current big 
success of combined chemo-radiation if both anticancer treatment 
modalities have existing from more than forty years and where does it 
come from? The clinical point of view will be presented in eye-opener 
lecture as an attempt answer on these questions. 
 
EO16. Track structure simulations for radiation physics, chemistry 
and biology. Werner Friedland, P. Kundrát, P. Jacob, Helmholtz Zentrum 
München, Germany 
 
Mechanistic modelling of biological effects of ionizing radiation is an 
important tool for a quantitative understanding of the underlying action 
mechanisms. Mechanistic modelling plays a crucial role in inter- and 
extrapolating the data, as needed e.g. for treatment optimization in 
radiotherapy of cancer or for estimation of radiation risk at low doses 
where epidemiological data possess limited statistical power only, or 
under unexperienced irradiation conditions like a manned Mars mission. 
Moreover, it may improve the analysis and interpretation of 
measurements by non-linear extrapolation beyond the limits of the 
experimental protocol. 
An established bottom-up approach for testing hypotheses on radiation 
action and response mechanisms is provided by Monte Carlo track 
structure simulations of ionizing radiation, supplemented by multi-scale 
models of biological structures and mechanistic modelling of biological 
effects and consequences of the radiation insult. In combination with 
simulations on relevant cellular events, intercellular signalling processes 
and top-down modelling of effects in tissues, organs or organisms 
including tumour control or cancer induction, the hierarchy of 
mechanistic modelling tools has the potential to allow improved 
predictions of treatment outcome or radiation risks. 
The presentation will be focused on the PARTRAC suite of modules for 
track structure calculations, radiation chemistry simulation, modelling 
tools for DNA structures, DNA damage and DNA repair processes, and 
modelling approaches on intercellular signalling processes. The 
computational framework will be reviewed and the key results providing 
insight into the mechanisms of radiation action will be presented. 
 
EO17. Radiation effects in ionic liquids and/or ultrafast processes 
and the initiation of radiation damage. James F. Wishart, Brookhaven 
National Lab, Upton, USA 
No abstract 
 
S19. Vascular endothelial cell response to 
radiation - a new dimension    
 
S19-01. Irradiated endothelium and mechanotransduction signaling. 
Mohan Natarajan, UT Health science Center, USA 
 
Endothelium is considered as the largest organ in the body disseminated 
into every tissue and more prone to get exposed to radiation on any 
situation either in occupational, therapeutic, diagnostic or accidental. 
Being the major source of the paracrine effectors, endothelial damage is a 
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heralding event in radiation toxicity on nearby and distant tissue.  There 
is a rapid progress in radiobiological effects on the multi-functional 
activity of vascular endothelium.  However, mechanistic approach, in 
general, studied on in vitro static cell culture experiments. The in vitro 
static cultures may limit the understanding of the combined effect of 
other supporting factors that occur in the in vivo micro- and macro-
environment.  Therefore it is important to understand the contribution of 
supporting factors such as extracellular matrix and local environment in 
which the cells/tissue reside; in particular with endothelial cells, where 
the cells are constantly undergoing different types of shear stress due to 
continuous blood flow.  Cardiovascular biology has clearly established 
that the structural and functional capacity of endothelium is different with 
the flow shear stress.  We considered all the above issues and looked at 
the endothelial response to radiation with a new perspective. Human 
primary aortic endothelial cells were subjected to shear stress (16 
dynes/cm2) using an in vitro parallel plate flow system that simulate the 
physiological hemodynamic flow shear stress. The cells were then 
exposed to 137Cs gamma rays to a total dose of 2 or 10 Gy at a dose rate 
of 1 Gy/min and were subjected further to flow shear stress after radiation 
exposure for an additional 4 h.  The changes at the molecular and 
biochemical functions were compared with static cultures. Contribution 
of machanotransduction signaling associated with flow shear stress in the 
outcome of radiation response is discussed in this presentation. 
 
S19-02. Vascular-mediated normal tissue injury – where are we and 
where are we going? Martin Hauer-Jensen, University of Arkansas for 
Medical Sciences, USA 
 
The risk of injury to normal tissues continues to limit the cancer cure 
rates that can be achieved with radiation therapy. While killing of target 
cells is the primary determinant of radiation toxicity, damage to the 
microvascular endothelium substantially impacts both early and delayed 
toxicity in many organ systems. Past strategies aimed at preventing or 
mitigating radiation-induced microvascular injury relied mainly on 
various anticoagulants or antiplatelet agents. However, recent insight into 
crosstalk between the coagulation and inflammatory systems; into 
mechanisms underlying thrombin‘s cellular, receptor-mediated 
properties; and into the molecular basis of interactions between 
endothelial cells and other cell types provide opportunities for 
development of endothelial-oriented interventions that ameliorate normal 
tissue injury with little or no effect on blood clotting. Examples include 
preservation or restoration of the thrombomodulin/protein C system, 
blockade of cellular thrombin receptors, or strategies to prevent 
uncoupling of endothelial nitric oxide synthase. This lecture provides an 
overview of mechanisms by which radiation causes endothelial 
dysfunction and discusses how novel vasculoprotective interventions may 
ameliorate radiation-induced oxidative and nitrosative stress, endothelial 
dysfunction, and tissue toxicity. 
 
S19-03. Adhesiveness of aortic endothelium is increased in response 
to high LET radiation. Dennis F. Kucik, S. Khaled, K. B. Gupta, X. 
Wu, T. Yu, S. Babitz, University of Alabama at Birmingham, USA  
 
Exposure to radiation from a variety of terrestrial sources is associated 
with increased risk of heart disease and stroke.  We recently demonstrated 
that 56Fe irradiation accelerates atherosclerotic plaque development in 
the apoE mouse model.  The purpose of the current study was to 
investigate the mechanism at the cellular level.  Since radiation also 
induces vascular inflammation, a possible mechanism for exacerbation of 
atherosclerosis is an increase in the adhesiveness of vascular endothelial 
cells, triggering pro-atherogenic accumulation of leukocytes. Human 
aortic endothelial cells (HAECs) were grown as monolayers and exposed 
to 0 to 5 Gy 600 MeV 56Fe, followed by measurement of adhesiveness 
under physiological shear stress using a flow chamber adhesion 
assay.  Tewnty-four hours after irradiation, HAEC adhesiveness for 
leukocytes was increased.  Because the adhesion molecule VCAM-1 is 
critical in both development of atherosclerosis and endothelial cell-
leukocyte adhesion, we then investigated the role of the endothelial 
VCAM-1 and its leukocyte receptor, the integrin a4b1.  Measurement of 
endothelial adhesion molecule expression demonstrated that radiation-
induced adhesiveness increases were not due to an increase in expression 
of VCAM-1on the endothelial cell surface.  However, antibody blockade 
of a4b1 on leukocytes abolished the radiation-induced adhesiveness, 
suggesting involvement of the VCAM-1/a4b1 receptor-ligand pair in the 
mechanism.  Since the leukocyte integrin a4b1 can be activated by 
chemokines presented on the endothelial cell surface, the effect of 
pertussis toxin (PTX), an inhibitor of chemokine-mediated integrin 
activation, was tested.  PTX specifically inhibited radiation-induced 
adhesiveness, with no significant effect on non-irradiated 
cells.  Therefore, high-LET radiation can induce increased adhesiveness 
of aortic endothelial cells through chemokine-dependent signaling from 
endothelial cells to leukocytes, even in the absence of increased 
expression of the adhesion molecules involved.   
 
S19-04. Targeting vascular endothelium for radiosensitization and 
tumor cure. Adriana Haimovitz-Friedman, Memorial Sloan-Kettering 
Cancer Center, USA 
 
While there is significant interest in combining anti-angiogenesis therapy 
with conventional anti-cancer treatment, clinical trials have as of yet 
yielded limited therapeutic gain, mainly because mechanisms of anti-
angiogenic therapy remain to a large extent unknown. Currently, anti-
angiogenic tumor therapy is conceptualized to either ‗‗normalize‘‘ 
dysfunctional tumor vasculature, or to prevent recruitment of circulating 
endothelial precursors into the tumor. Analternative biology, restricted to 
delivery of anti-angiogenics immediately prior to single dose 
radiotherapy (radiosurgery), is provided in the present study.  
Genetic data indicate an acute wave of ceramide-mediated endothelial 
apoptosis, initiated by acid sphingomyelinase (ASMase), regulate tumor 
stem cell response to single dose radiotherapy, obligatory for tumor cure. 
Here we show VEGF prevented radiation-induced ASMase activation in 
cultured endothelium, occurring within minutes after radiation exposure, 
consequently repressing apoptosis, an event reversible with exogenous 
C16-ceramide. Anti-VEGFR2 acts conversely, enhancing ceramide 
generation and apoptosis. In vivo, MCA/129 fibrosarcoma tumors were 
implanted in asmase+/+ mice or asmase-/- littermates and irradiated in the 
presence or absence of anti-VEGFR2 DC101 or anti-VEGF G6-31 
antibodies. These anti-angiogenic agents, only if delivered immediately 
prior to single dose radiotherapy, de-repressed radiation-induced ASMase 
activation, synergistically increasing the endothelial apoptotic component 
of tumor response and tumor cure. Anti-angiogenic radiosensitization was 
abrogated in tumors implanted in asmase-/- mice that provide apoptosis-
resistant vasculature, or in wild-type littermates pre-treated with anti-
ceramide antibody, indicating that ceramide is necessary for this effect. 
Understanding the temporal sequencing of anti-angiogenic drugs and 
radiation enables optimized radiosensitization and design of innovative 
radiosurgery clinical trials. 
 
S20. What, if anything have 'omics 
technologies taught us about radiation 
effects/risks?    
 
S20-01. Influence of omics research on radiation paradigms and risk: 
past and future. Antone Brooks, Pacific Northwest National Laboratory, 
USA 
 
Radiation standards have been based primarily on human epidemiology 
data. It is well established that high doses of radiation produce a dose 
related increase in cancer frequency. However, it is not possible to detect 
a significant increase in radiation induced cancer in the low dose region 
or to determine the shape of the dose-response relationship in this region. 
This makes it necessary to develop models that can be used to predict the 
cancer risk in the low dose region. The current model that is used by 
regulatory bodies is based on DNA damage and suggests that since DNA 
damage increases linearly with dose that mutations and cancer will also 
increase as the same function. Thus, each and every ionization is 
postulated to produce an increase in cancer risk. To help models with a 
scientific basis and to decrease the uncertainty associated with the risk 
estimates in the low dose region studies have been conducted to define 
the mechanisms of action in this region and to uses these data to help 
define the shape of the dose-response relations. Key to this research is to 
determine if molecular and cellular systems can respond to low doses of 
radiation and see if the responses are the same following exposures at 
high and low doses. Many research programs are in place to address these 
questions including the DOE Low Dose Radiation Research Program. 
This presentation will review the data produced by this program over the 
past 10 years using modern biology and technology. The focus of 
the presentation will be to demonstrate that this research has had a 
marked impact on the paradigms used in radiation biology and the 
relationship between radiation exposure and, in addition to DNA 
alterations, many other biological responses. It will also evaluate 
the usefulness of the modern molecular biology to guide the regulatory 
community in evaluating the shape and slopes of the dose-response 
relationships in the low dose region. Finally, presentation will address the 
question: Can cellular and molecular data have an impact on 
regulatory standards or the perception of radiation damage and risk? 
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Research supported by USDOE low dose program under a contract to 
PNNL to Dr. Brooks. 
 
S20-02. Insight into the bystander effect from functional genomics. 
Sally Amundson1, S. A. Amundson2, 1: Columbia University Medical 
Center, USA 2: Center for Radiological Research, Columbia University 
Medical Center, USA  
 
The radiation bystander effect is a potentially important component of the 
overall biological response of tissues and organisms to ionizing radiation, 
but the signaling mechanisms responsible for communication between 
irradiated and non-irradiated bystander cells are not fully understood.  It 
has become abundantly clear over the past decade that such complex 
responses cannot be understood solely through deterministic studies of 
individual molecules or simplified pathways.  We have used whole 
genome gene expression as measured by microarray, coupled with gene 
ontology and network analyses, and a novel approach to time series 
analysis, to delve beneath the surface of responses to radiation in both 
directly hit and bystander cells and tissues.  Such work has elucidated 
signaling pathways and transcription factor networks involved in 
transmitting and responding to the bystander signal, including NF-
kappaB and AKT-GSK3B-CTNNB1, as well as suggesting other 
potential regulatory mechanisms, such as epigenetic control of the 
response to radiation through KDM5B and HDACs.   
 
S20-03. What ‗OMICS‘ can and cannot tell us about DNA damage 
response and DNA repair in embryonic stem cells? Peter Stambrook, 
University of Cincinnati College of Medicine, USA 
 
The ―OMICS‖ technologies have revolutionized our approaches to 
numerous biological questions, including cellular mechanisms involved 
in responses to radiation and/or DNA damage.  Current high throughput 
technologies are likely to overlook one or more subsets of 
mechanisms.  One example is the manner by which mouse embryonic 
stem cells protect the integrity of their genomes. Although most proteins 
in the G1/S checkpoint are present, both major DNA double strand break 
(DSB) response pathway are compromised.  P53 does not translocate to 
the nucleus in these  cells after radiation, and CHEK 2 is associated with 
centrosomes and is not available to phosphorylate some of its 
substrates.  As a result, the G1/S checkpoint does not function, cells with 
damaged DNA transit to the S phase where the damaged DNA is 
replicated, the damage exacerbated and the cells propelled to 
apoptosis.  The net result is that the ES cell population has cells with 
pristine DNA. A second example is the DSB repair pathway utilized by 
mouse ES cells compared with somatic cells.  Somatic cells primarily 
utilize error-prone non-homologous end joining (NHEJ) whereas the ES 
cells utilize high fidelity homologous recombination (HR)-mediated 
repair. When induced to differentiate, pathway utilization is 
switched.  Regulation of protein abundance of some of the proteins 
involved in HR repair appears to be at neither the level of transcription 
nor of protein stability, but rather of more efficacious translation, a 
mechanism that would not be detected by current ―OMICS‖ 
methodologies. 
 
S20-04. What have ‗omics studies taught us about health risks? 
Marianne Sowa, Pacific Northwest National Lab, USA 
 
There is a wealth of data available on DNA damage associated with 
exposures to ionizing radiation and the subsequent cellular responses. 
Indeed, much of radiation research has focused on these initial insults and 
induced responses, particularly DNA repair, cell signaling pathways, cell 
cycle checkpoint control, mutation induction, chromosomal 
rearrangements, transformation and apoptosis etc. While many of these 
endpoints correlate with exposure dose, few, if any, provide substantive 
information on human health risk(s) associated with radiation exposure. 
We will discuss recent advances in high throughput ‗omics technologies 
to evaluate what they have taught us about health risk(s) to humans 
associated with exposure to ionizing radiation. 
 
S21. Theragnostic radiotherapy    
 
S21-01. The perspectives of TPMCC (Therapeutic Personalized 
Multimodality cancer Care) in combined treatment for cancer of the 
head and neck. Rafal Suwiński, Center of Oncology M. Skłodowska-
Curie Memorial Cancer Center and Institute of Oncology, Poland 
 
Recent developments in cancer imaging, computerized treatment 
planning and real-time verification procedures resulted in widespread 
shift from obsolete 2-dimensional radiotherapy towards CT/MRI/PET 
guided treatments. Three-dimensional (3D) radiotherapy conform the 
isodose distribution to spatial dimensions of the tumor and dose-limiting 
structures. Modern therapeutic units allow accounting for interfraction 
and intrafraction tumor motion, resulting in conformal image-guided 4D 
radiotherapy (spatial changes of the tumor in time represent 4-th 
dimension). Such technological advances, does not, however, put a 
ceiling on further developments in conformal radiotherapy. Current 
interest of research focuses over conformation of combined cancer 
therapy (that incorporates surgery, radiotherapy, chemotherapy and/or 
targeted drugs) to individual biological characteristics of the tumor. It 
will result in TPMCC (Therapeutic Personalized Multimodality cancer 
Care) that accounts not only for spatial extent of the tumor but also for its 
biological uniqueness. Individual characteristics of the tumor can be 
increasingly well defined based on the analysis of molecular signatures. 
We have contributed to these attempts by analyzing the expression of 
selected genes in relation to the outcome of accelerated postoperative 
radiotherapy for head and neck. We were able to define molecular 
profiles of squamous cell cancer of the head and neck that predicted the 
benefit from treatment acceleration. By contrast, another subgroup of the 
patients, with different molecular profile, did not benefit from accelerated 
treatment, but developed increased acute mucosal reactions. Our results 
support the studies that demonstrate the potential of molecular profiles to 
individualize combined treatments for head and neck cancer, enhancing 
the rationales for TPMCC (Therapeutic Personalized Multimodality 
cancer Care). 
 
S21-02. Feasibility and Safety of reducing the irradiation dose in 
regions of active neurogenesis for prophylactic cranial irradiation in 
patients with small-cell lung cancer. Rafał Tarnawski, L. Michalecki, 
Cancer Center and Institute of Oncology Gliwice Branch, Poland 
 
Purpose/Objective: Prophylactic cranial irradiation (PCI) is performed on 
patients with limited or extensive small-cell lung cancer to reduce brain 
metastases and prolong survival. PCI may induce neurocognitive 
impairment. We tested the feasibility of reducing irradiation doses to 
neural stem cell (NSC) regions while maintaining prescribed doses to the 
planned target volume (PTV). We report the initial number and 
localization of brain metastases in group of patient after PCI with dose 
reduction in region of active neurogenesis (subgranular  and 
subventricular zones). 
Materials and Methods: Irradiation plans utilizing intensity-modulated 
radiotherapy (IMRT), helical TomoTherapy, and RapidArc for 10 
consecutive lung cancer patients were evaluated. The dose distribution, 
dose-volume histograms, and dose homogeneity indexes were analyzed. 
Planned and actual dose distributions were compared by dosimetric 
analysis. A group of 31 patients with limited disease stage small cell lung 
cancer qualified for PCI entered current study. We used Eclipse 8.6 
(Varian Medical System) treatment planning system to prepare 5-9 fields 
IMRT plans. Patients were irradiated using LINAC Varian 23EX with 
IGRT during each irradiation. All plans were prepared in order to achieve 
homogenous dose distribution of 30 Gy with 2 Gy per faction 
(conventional PCI) in brain excluding NSC. The most important 
restriction was to reduce the radiation dose to 15-20 Gy in the NSC 
compartment, which is located in the middle of PTV. 
Results:  Both helical tomotherapy and LINAC-based IMRT reduced the 
radiation dose to the NSC regions by approximately 45% while 
maintaining the full dose to the rest of brain. From the initial number of 
31 patients, 23 patients received PCI with protection of NSC. During the 
observation time 9 patients had progressive disease outside brain. The 
follow-up MRI revealed brain metastases in 3 patients. One patients had 
multiple (30) metastases, two other had single metastases in temporal and 
frontal lobe outside the region of reduced dose. 
Conclusion: Protecting the regions of active neurogenesis is technically 
feasible. The median follow-up time is short, but the reduction of 
radiation dose in NSC compartment did not seem to compromise local 
control in brain. We did not observe any metastases only in region of 
reduced dose.  
 
S21-03. Radiotherapy of painful vertebral hemangiomas. Leszek 
Miszczyk1, A. Tukiendorf 2, 1: Cancer Center and Institute of Oncology 
Gliwice Branch, Poland 2: Cardiff Research Consortium; UK 
 
Background: In autopsy examinations, the prevalence of vertebral 
hemangiomas is present in 12% of the whole population, but, fortunately, 
only 1% of them is painful. A lot of  treatment modalities are used as 
surgery, alcohol ablation, endovascular embolization, percutaneous 
vertebroplasty, balloon kyphoplasty and finally, radiotherapy, which 
seems to be less iatrogenic, easier and cheaper method than others. 
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Purpose: An evaluation of dose-response relationship and an attempt to 
define predictive factors of painful vertebral hemangiomas radiotherapy. 
Material and Methods: The analyzed material comprises group of 101 
patients (137 painful vertebral hemangioma irradiations). Delivered 
fraction dose (fd) varied from 2 to 15 Gy (123 cases were fractionated 
and 14 treated with radiosurgery), and total dose (TD) from 8 to 30 Gy 
(111 cases irradiated with fd of 2 Gy to 24 Gy). The pain relief, changes 
in analgesic requirements and reossification were evaluated. 
Results: We defined a pain level decrease in percent of primary pain level 
decrease. Means of pain relief 1, 6, 12, 18 months after radiotherapy were 
60.5%, 65.4%, 68.3%, 78.4% respectively. Percentage of patients with no 
need for analgesics and patients using tramadol were 39%, 40%, 44% 
57% and 20%, 17%, 22%, 11% in these times. The percentage of patients 
with complete/partial pain relief changed from 36/48% 1 month, to 
64/22% 1.5 year after radiotherapy. No impact of radiotherapy on 
reossification was found. We found the significant positive impact of fd 
and TD increase for analgesics uptake reduction and pain relief. We 
found following positive predictive factors: female gender, older age, 
better PS, bigger Hb concentration, shorter symptoms duration and lower 
analgesics uptake before radiotherapy. 
Conclusions: The obtained results permit to form the conclusion that 
radiotherapy is an effective method of painful vertebral hemangioma 
treatment and that positive result of treatment is correlated with the 
increase of fd and TD. The positive predictive factors were found: female 
gender, older age, better PS, increased Hb concentration, shorter 
symptoms duration and lower analgesics uptake before radiotherapy. 
 
S21-04. Is there a role for neoadjuvant therapy in gastric cancer? 
Jerzy Wydmański, A. Namysł-Kaletka, S. Półtorak, Ż. Kaniszewska-
Dorsz, E. Zembala-Nożyńska, M. Kryj, E. Chmielik, B. Hejduk, E. 
Nowara, W. Leszczyński, M. Wideł, I. Wesołowska, A. Chmielarz, M. 
Strączyński, J. Słota, M. Zeman, M. Dąbrowski, M. Białas, R. 
Kawczyński, I. Bereza, R. Suwiński, Centrum Onkologii-Instytut 
im.Marii Skłodowskiej-Curie Oddział w Gliwicach, Poland 
 
Background. The results of gastric cancer treatment are still poor. In 
many institution surgery follows by chemoradiotherapy  is considered to 
be the gold-standard treatment. Recent II phase studies have suggested 
that preoperative chemoradiotherapy followed by surgery may result in 
improved survival. 
Methods. In prospective III phase trial, a total of 119 patients with 
operable gastric cancer, after stratification by weight loss, tumor location, 
T-stage, and N-stage were randomized to receive preoperative 
chemoradiotherapy followed by operation and chemotherapy (group A) 
versus standard treatment (group B) which consisted of surgery with 
adjuvant chemoradiotherapy. In both arms, the stomach or stomach bad 
and regional lymph nodes were irradiated to total dose of 45 Gy in 25 
fractions. Patients received concurrent chemotherapy (5-FU 325mg/m2 
d.1-5 and d.29-33). In the group A the patients underwant surgery within 
6 weeks after radiochemotherapy. The surgical procedure was total or 
partial gastrectomy with D2 extensive lymph node dissection. The 
adjuvant chemotherapy consisted of four 5-days cycles of 5-FU 
(375mg/m2/day) and LV (20mg/m2/day). 
Results. The resectability rate was higher in the group A than in the group 
B. The difference was 16% (87% vs. 71%). R0 resection rate was also 
higher in the neoadjuvant treatment. 
The histopathological examination showed that mean tumor volume in 
the group A was seven times smaller than in the group B (10cm3 vs. 
70cm3). In the group A the pCR was observed in 21% of patients. The 1- 
and 2-year overall survival rates of the neoadjuvant group and the 
adjuvant group were 69% and 63%, 57% and 40% (p=0,1), respectively. 
The 2-year locoregional control rate was 90% and 71% in the group A 
and in the group B (p=0,022), respectively. Mild vomiting, diarrea and 
leucopenia were most frequent toxicities. In the group A and in the group 
B, leucopenia G3 or G4 occurred in 5% and 7% , respectively. 
Preoperative chemoradiotherapy was not associated with more surgical 
complications. 
Conclusion. The neoadjuvant chemoradiotherapy compared to the 
standard treatment increased locoregional control without higher 
incidence of toxicity, but not significantly improved overall survival. 
 
S21-05. Does Accelerated Radiotherapy Reflect Radiobiology? 15 
year experience with CAIR (7 days irradiation). Krzysztof 
Składowski, M. Hutnik, A. Wygoda, B. Maciejewski, Institute of 
Oncology, Maria Skłodowska-Curie Cancer Center, Gliwice, Poland 
 
Background. Definitive accelerated radiotherapy (DART) with no 
compromise of total dose has the level I evidence-based positive impact 
on local tumor control for head and neck cancer patients. Gliwice 
experiences with Continuous Accelerated Irradiation (CAIR) utilizing 7 
fractions in 7 days a week coming from phase III studies have shown 
several clinical outcomes which could be relevant to radiation biology. 
Material and Methods. Over the last 15 years 450 patients has been 
collecting in the trials where CAIR fractionation system (fraction-dose 
was given once-a-day, regularly at 24 hour interval, including Saturdays 
and Sundays) was compared with: 1 – Conventional Fractionation (CF: 5 
fractions in 5 days a week, from Monday to Friday) or 2 - Concomitant 
Boost Fractionation (CBF: 7 fractions given in 5 days, once-a-day at 
Mondays, Wednesdays and Thursdays, and twice-a-day with 8 hour 
interval at Tuesdays and Fridays). 
Results. Our outcomes related to radiation biology concern both tumour 
cure and mucosal toxicity. The first trial has shown an extraordinary gain 
of CAIR for both tumor control and patient survival compare to CF. 
Moreover a lot of grade 4 mucosal toxicity leading to high rate of 
consequential late effect was recognised as a result of impaired recovery 
of normal mucosa and it has suggested weekend breaks could be 
detrimental for the outcome because of the timing of tumour/mucosa 
clonogen accelerated repopulation (CAR). Therefore dose per fraction 
has been lowered to 1.8Gy and next trial has undergone where weekend-
in fractionation (CAIR) was randomized with weekend-off one (CBF). 
Those two DART schedules had to have identical overall treatment times 
as the main trial assumption was no difference in tumor cure 
effectiveness, what has observed indeed. Because the only difference was 
the timing of dose delivery, we hypotesized that different biological 
mechanisms have been mainly depressed in radiation response – sublethal 
damage repair (SLDR) in CBF and CAR in CAIR and they have been 
possibly reflected in the clinic as a difference in distribution of types of 
primary-tumor failure, time to local recurrence and rate of mucositis. 
These results allow us to speculate that more incomplete tumour 
regression, shorter time to tumour local recurrence and lessen rate of 
mucositis at the beginning of CBF were issued from more enhanced 
CAR, compare to the CAIR. Because those accelerated fractionations 
have produced identical tumor and normal tissue lethal effects, it is 
possible that in CAIR patients SLDR overcome CAR, whereas in CBF 
patients the reverse effect has occurred. 
Conclusion. In continuous, regular 24-hour irradiation (CAIR) the tumour 
cure and mucosa recovery comes from different amount of its CAR 
restriction. In that schedule size of dose per fraction is the most important 
fractionation parameter. When timing of accelerated fractionation is not 
regular many other biological mechanisms may play a role in clinical 
outcome. Therefore simple shortening of overall treatment time in 
radiation treatment is not only related to AR restriction. 
 
S22. Nanotechnology targeting DNA damage 
and repair pathways: advances from the 
clinic 
 
S22-01. Targeting the epidermal growth factor receptor to augment 
head and neck tumor susceptibility to poly (ADP-Ribose) polymerase 
(PARP) inhibition. Eddy Yang, S. Nowsheen, T. Cooper, J. A. Bonner, 
University of Alabama-Birmingham, USA 
 
Purpose: Overexpression/amplification of the epidermal growth factor 
receptor (EGFR) is a hallmark of head and neck cancers and confers 
increased resistance and inferior survival rates.  Despite targeted agents 
against EGFR, such as cetuximab, almost half of treated patients fail this 
therapy.  PARP inhibitors (PARPi) have gained recent attention due to 
their unique selectivity in killing homologous recombination (HR)-
deficient tumors while maintaining minimal toxicity in normal 
tissues.  As EGFR inhibition has been reported to alter cellular DNA 
repair capacity, we investigated whether cetuximab could induce a 
transient DNA repair deficit and subsequently augment cytotoxicity with 
the PARPi ABT-888 in head and neck cancer.  
Methods:  The head and neck cancer cell lines UM-SCC1, UM-SCC6, 
and FaDu were used in this study. Kinetics of DNA damage and repair 
were assessed by immunofluorescence staining of cells for  g-H2AX, 
Rad51, and DNA-Pk foci at various time points following irradiation 
(IR). Cell viability was determined via the ATPlite as well as colony 
formation assays.  Tumor growth delay was assessed in mice bearing 
UM-SCC6 tumor xenografts.  Apoptosis was evaluated by Annexin V 
staining as well as cleaved caspase 3 and 9 levels. Cell cycle analysis was 
performed via flow cytometry. 
Results:  Cetuximab increases g-H2AX foci, which are well established 
markers of DNA double strand breaks (DSBs), in head and neck tumor 
cells.  This coincides with reduced DSB-repair as indicated by attenuation 
of IR-induced Rad51 and DNA-Pk foci, which are well characterized in 
situ markers of the homologous recombination (HR) and non-
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homologous end-joining (NHEJ) DNA repair pathways, 
respectively.  Importantly, cetuximab augments cytotoxicity with the 
PARPi ABT-888 both in vitro and in vivo, through a mechanism 
involving persistent DNA damage and subsequent activation of the 
intrinsic pathway of apoptosis.  The observed effects are not due to cell 
cycle redistribution.  
Conclusions:  By generating a DSB repair deficiency, cetuximab can 
render head and neck tumors susceptible to PARP inhibition.  The 
combination of cetuximab and the PARPi ABT-888 can thus be an 
innovative treatment strategy to enhance therapeutic ratio and improve 
outcomes in head and neck cancer patients.  Furthermore, this strategy 
may also be feasible for other EGFR overexpressing tumors, including 
lung and brain cancers. 
 
S22-02. Re-engineering the DNA double strand break machinery for 
therapeutic purposes. William Dynan1, S. Meiler1, M. Porteus2, G. Bao3, 
S. Li1, H. Xiong4, R. J. Lee5, J. Pandey1, D. Goyal1, Z. Chen1, M. Wade1, 
Z. Cao4, 1: Georgia Health Sciences University, USA, 2: Stanford 
University School of Medicine, 3: Georgia Institute of Technology, 4: 
Wuhan University School of Medicine 5: Ohio State University, USA 
 
The ability to influence processes that occur within and around double-
strand break (DSB) repair foci would be useful in a variety of clinical 
settings, ranging from radiation therapy to the development of safe 
approaches for homologous recombination-mediated gene correction in 
patients. We hypothesized that receptor-mediated endocytosis would 
allow delivery macromolecular agents or other engineered nanomaterials 
to sites of DSB repair thus modifying or redirecting the activity of the 
repair machinery. We discuss three examples: (i) delivery of folate-
conjugated single chain antibody variable fragment (scFv) directed 
against the DNA-PK catalytic subunit. The scFv colocalized with its 
target in the cell nuclei and sensitized tumor cells to radiation (P<0.001 
based on an F test). Sensitization enhancement ratios based on mean 
inhibitory dose were 1.92 ± 0.42 for KB cells and 1.63 ± 0.13 for NCI-
H292 cells. (ii) Delivery of transferrin-conjugated zinc finger nucleases 
(ZFNs) to stimulate targeted gene correction by homologous 
recombination. ZFNs were efficiently internalized and promoted 
correction of a generic model recessive disorder in mouse somatic cells. 
Delivery of ZFNs as proteins, as an alternative to the use of ZFN-
encoding viral vectors, affords greater spatio-temporal control, potentially 
reduces long-term patient risk, and in preliminary work, achieved 
correction efficiencies comparable to vector-based methods. Current 
work focuses on co-delivery of agents to direct the repair machinery 
toward productive homologous recombination, rather than nonproductive 
end joining repair. (iii) Delivery of a transferrin-conjugated nanocomplex 
assembled around a streptavidin hub. The nanocomplex, unlike the 
simple protein conjugates, was retained in cytoplasmic vesicles following 
internalization but was synchronously released by photochemical 
internalization. 
 
S22-03. Translation of the gamma-H2AX assay to radiation oncology. 
Olga Martin , Peter MacCallum Cancer Centre, Australia 
 
Ionizing radiation (IR)-induced damage to cellular DNA is the primary 
cause of most of the short- and long-term consequences of irradiation. 
DNA double-strand breaks (DSBs) present special challenges since they 
can induce cell death or, if not properly repaired, lead to genome 
instability and carcinogenesis.  These detrimental consequences of IR for 
cells and tissues are harnessed in cancer radiotherapy, which is a major 
mode of cancer treatment for more than half of all cancer patients. The 
overall aim of radiotherapy is to maximize radiation dose and cell kill 
within the tumour and minimize the dose and cell kill within normal 
tissues.  
g-H2AX, which is a phosphorylated form of histone H2AX, appears upon 
formation of a DSB within minutes post-IR, and can be visualised as 
fluorescent spots (―foci‖) by immunohistochemistry. There is a close 
correlation between the numbers of IR-induced DSBs and g-H2AX foci; 
ie each focus corresponds to a  DSB. Thus g-H2AX is a sensitive DSB 
marker with many potential clinical applications such as monitoring DNA 
damage induction and its resolution in both tumours and normal tissues of 
cancer patients undergoing radiotherapy.  
Comparison of IR-induced H2AX foci in different human and animal 
tissues, cell cultures, and primary cells indicate a high degree of 
reproducibility in the IR response. Thus the assay is being used to 
investigate differences in inate radiosensitivity between individuals, and 
also for exploring differences in response to consecutive rounds of 
treatment in the same patient. Translational projects using the g-H2AX 
assay already under way, include the development of a predictive assay 
for individual radiosensitivity, monitoring DNA damage in tissues during 
systemic radionuclide therapy, and revealing an ―irradiation signature‖ in 
circulating tumour cells derived from irradiated tumours.  
 
S22-04. Application of gold nanoparticles as radiosensitising agents. 
Karl Butterworth, Queens University Belfast, UK 
 
Gold nanoparticles have a diverse range of potential applications in 
biomedicine including use as radiosensitizing agents for therapeutic 
benefit in the treatment of cancer. This application is due to the ability of 
gold to preferentially increase photoelectric absorption of low kilovoltage 
X-rays compared to soft tissue resulting in enhanced dose deposition at 
the interface with surrounding tissue. Using a combination of 
experimental and theoretical approaches, our group has been working to 
characterise the radiosensitizing properties of gold nanoparticles and to 
determine the underlying mechanisms of cytotoxicity and radiobiological 
response. Using a plasmid DNA model system, we have demonstrated 
radiosensitizing effects of gold nanoparticles using broadbeam and 
monoenergetic X-rays of different energies. These studies have shown a 
higher level of enhancement than predicted soley on the basis of 
additional dose deposition. Extensive in vitro investigation has been 
conducted to characterise the localisation, cytotoxicity and 
radiosensitizing ability of gold nanoparticles in a range of tumour and 
normal cell lines. These studies have shown maximum uptake of gold 
nanoparticles within the first 6 hours of exposure localised largely to 
cytoplasmic lysosomes. Gold nanoparticle cytotoxicity was shown to be 
cell type dependent and correlated with elevated levels of DNA damage 
which may be mediated by the production of reactive oxygen species 
(ROS). Cellular radiosensitization was shown to be cell type dependent 
with human prostate (DU145) and breast cancer (MDA231MB) cell lines 
showing sensitizer enhancement ratios of 1.13 and 1.29 respectively for 
MV photons. A review of research findings from our laboratory 
concerning the cytotoxicity, localisation and radiosensitizing properties of 
gold nanoparticles will be presented along with future considerations to 
allow the optimisation of gold nanoparticles as radiosenstizing agents. 
 
S23. New developments in radiation 
dosimetry    
 
S23-01. DOSIMETRY TECHNIQUES TO SUPPORT LONG-TERM 
HEALTH RISK STUDIES. Steven Simon, National Cancer Institute, 
National Institutes of Health, USA 
 
Radiation dosimetry for the purpose of supporting long-term health risk 
(epidemiologic) studies differs in some important respects from 
dosimetry performed for compliance determination, radiation safety, and 
medical treatments. The requirements of radiation epidemiologic studies 
are due, in part, to their purpose as a research tool to quantify the risk of 
cancer and other health effects following exposure to ionizing radiation. 
In the context of supporting health risk studies, there are several 
important criteria that dose estimates must meet including: be estimated 
on an individual basis for moderately large-sized groups, be estimated for 
specific organs of interest, be unbiased (i.e., as close to the true dose as 
possible), be estimated from historical and sometimes incomplete data, 
have best precision possible (minimal uncertainty), have the uncertainty 
fully disclosed by setting realistic confidence bounds in which the true 
dose is believed to lie, use of appropriate dose units, and when possible, 
verification by independent techniques, e.g., biodosimetry. Unlike 
situations in radiation protection where doses are often conservatively 
estimated, the goal of dosimetry for epidemiologic studies is an accurate 
estimation of organ dose to many individuals in a defined cohort. To 
accomplish that, many types of data are required, often well beyond the 
kind of information collected for compliance radiation determination or 
for medical dosimetry. The success of dosimetry for epidemiologic 
studies depends on using a variety of tools including reliable exposure-
assessment models that can predict realistic doses given appropriate input 
data, person-specific information, e.g., age, gender, and body size, 
surrogate measurements of the exposure that include environmental 
measurements, film-badge measurements or other personal dosimeter 
data, and biodosimetric measurements used for validation of estimates. 
The goal of this presentation is to review the unique requirements of dose 
estimation for epidemiologic studies in order to improve our 
understanding and appreciation of epidemiologic findings and to discuss 
recent developments in this field. 
 
S23-02. Developments in dosimetry methods in radiotherapy. Paweł 




The prerequisite for safe implementation of all procedures in radiotherapy 
and radiology is to know or at least to estimate the absorbed dose 
delivered to a patient. Continuous development of treatment and 
diagnostic procedures requires advanced dose measurement techniques, 
especially when the dosimetric error may cause either a high incidence of 
complications or an unacceptably low tumour cure rate. Therefore in this 
presentation I will focus mostly on the new dosimetry methods used in 
radiotherapy. I will then follow with a discussion on the new dosimetry 
developments in radiology. 
Recently a huge effort has been made in development of dosimetry 
techniques applied to Intensity Modulated Radiation Therapy (IMRT) and 
radiosurgery. The dose distribution obtained in IMRT and radiosurgery is 
characterised by a high dose gradient in the treated volume. The high 
dose gradient region demands the measurements to be performed with 
detectors of a high-spatial resolution. The absolute measurements are 
usually performed with the cylindrical ionization chambers of a small 
effective volume. The chambers of effective volume smaller than 0.01cc 
are commercially available (Standard Imaging/Exradin Hemispherical, 
Planar and Cylindrical). The relative point dose measurements 
(sometimes absolute measurements as well) are carried out with 
semiconductor detectors. The diode detectors have extremely small active 
volumes and high sensitivity to radiation, which is of special interest in 
dynamic treatment methods. However, their response varies with 
orientation and the relatively high atomic number of detectors causes a 
greater sensitivity to the low-energy photons. Alternatively a solid state 
diamond detector may be used, which is almost a soft-tissue equivalent, 
and exhibits a small directional dependence. 
Not only has the high dose gradient characterized both treatment 
methods, but the dose delivery is often a dynamic process where the 
incident fluence and intensity are varying during the treatment. Therefore, 
measurement methods of calculated dose distributions are limited to 
integrating dosimetric techniques. Currently commercially available 
methods for 2D integrating dosimetry are radiographic and radiochromic 
films, computed radiography, diode and ionization chamber arrays. 
Radiochromic films and arrays of diodes and ionization chambers are 
fairly new products in the field of dosimetry. Radiochromic film is almost 
a perfect detector as it is nearly tissue-equivalent and does not require 
post irradiation processing (self-developing monomer) for generating the 
optical density response. However, there are still several pitfalls of using 
films for a variety of dosimetric measurements. The most important is a 
limited accuracy due to the lack of specialized scanners for reading out a 
light transmission and variations in film sensitivity of the same batch. 
Detector arrays used for dose measurements across the beam represent 
very popular tools available for routine clinical QA. However, their most 
important drawback is their small spatial resolution (5 to 10 mm spacing). 
On the upside, this type of systems is simple and easy to maintain. 
In-vivo dosimetry is an important part of a conventional radiotherapy 
process. However, application of the verification methods in IMRT and 
radiosurgery is limited to using Electronic Portal Imaging Devices 
(EPID). EPIDs have been used for pre-treatment and in-vivo verification. 
Although measurements performed with EPIDs require a number of 
corrections they provide important real-time information especially 
through new and promising transient dosimetry. It is expected that further 
development of EPID‘s dosimetry will continue and resolve the existing 
issues. 
Dosimetry techniques described so far are 1D or 2D methods. Truly 
comprehensive dosimetric verification of the modern radiotherapy 
requires 3D dosimetry. Recently investigated new 3D dosimetry systems 
can be divided into three categories such as polyacrylamide gels, Fricke 
gels, and radiochromic plastics. Application of all of these is rather 
complex and requires a dose read-out using a magnetic resonance 
imaging or an optical-computed tomography. 
Dose measurements are of special importance in image-guided 
techniques. Recently a MOSFET detectors have been tested for image-
guided radiotherapy. The overall uncertainty of the system was 
determined to be approximately 20% and it is expected to be improved as 
development continues. However, the ease of use makes it suitable for 
estimating the dose resulting from image-guided procedures. 
 
S23-03. Developments in dosimetry for exposures in the environment. 
Justin Brown, M. Dowdall, Norwegian Radiation Protection Authority, 
Norway 
 
Over the last decade or so, there has been a concerted effort to include 
radiation protection of the environment within the broader radiological 
protection framework that has traditionally focused on humans. This has 
culminated in the inclusion of guidance concerning the quantification of 
impacts on wild plants and animals within reports from the International 
Commission on Radiological Protection (ICRP) and comprehensive 
discussion concerning the efficacy of various methods by the 
International Atomic Energy Agency. For the sake of conceptualizing and 
structuring assessments, it is useful to split the process into 3 primary 
components pertaining to transfer of radionuclides, dosimetry and 
assessment of effects. The dosimetry component of the assessment has 
generally been applied in deriving absorbed doses for organisms based 
upon the activity concentration of radionuclides within organisms and 
their habitat. 
 It was recognized at an early stage that it is impracticable to consider all 
possible plants and animals within any given ecosystem and therefore it 
might be useful to consider a limited suite of organisms that might be 
considered representative of a particular environment. From the 
perspective of dose calculation this use of selected organisms involved 
their representation in terms of simple shapes of given size and 
composition. The two most commonly applied assessment methodologies 
that use such an approximation are the ERICA Approach and RESRAD-
Biota, the former having been adopted by the ICRP for its work on 
environmental dosimetry for ‗reference animals and plants‘. In both of 
these approaches, organisms are represented by simple ellidsoid 
geometries for dosimetric calculation. Monte-Carlo n-particle transport 
code (MCNP) simulations have been made in both cases in the process of 
deriving energy dependent absorbed fractions for selected geometries. In 
the case of ERICA, an interpolation method has been developed to 
approximate absorbed fractions for elliptically shaped organisms from 
corresponding values for spherical shapes in the derivation of internal 
Dose Conversion Coefficients (DCCs) and external DCCs for aquatic 
environments. Recent advances with voxel phantoms might provide a 
way forward for improving wildlife dosimetry for animals if such an 
approach is deemed necessary. 
 
S23-04. Developments and new trends for radiation accident 
dosimetry with biological samples and personal items. François 
Trompier1, R. Alexander2, R. Ricardo2, 1: IRSN, France 2: Uniformed 
Services University of the Health Sciences, USA 
 
This presentation is an overview of recent developments and new trends 
in the field of physical and biophysical methods considered for radiation 
accident dosimetry and triage. 
In all events of uncontrolled exposure of individuals to ionizing radiation 
when data from conventional personal dosimetry do not exist (persons 
from public exposed to orphan or lost radiation source, nuclear and 
radiological terrorism, absence of dosemeter, radiotherapy or 
interventional radiology accidents, etc.), it is desirable to have several 
complementary methods for determining accurately the dose distribution 
in victim‘s organism or for identifying people that need medical cares and 
additional dose assessment in case of large scale events. Gold method 
does not exist and the choice of the most appropriate is dependent on 
cases.  
Over the last 30 years, bones and tooth enamel measured by Electron 
Paramagnetic Resonance (EPR) spectroscopy were frequently used as bio 
indicators of external exposure. EPR remains very pertinent and 
complementary to biological dosimetry, especially when irradiations are 
localized or highly heterogeneous, because it can give the absorbed dose 
in one or several locations in the victim‘s organism. Nevertheless, since it 
requires an invasive sampling, its applicability has been limited. In order 
to overcome this difficulty and in the light of large scale events implying 
new needs in terms of measurement capacity for triage, new approaches 
are investigated.  
Since tooth enamel is one of the most sensitive materials for EPR, some 
new ways to measure it were investigated: it consists in measuring teeth 
directly in the mouth with EPR at low microwave frequency or in 
decreasing mass of biopsies (from 100 down to 2 mg) by using high 
frequency EPR. 
Some alternative materials measured with conventional EPR are also 
foreseen and are illustrated in this presentation with a specific focus on 
nails and LCD glass sheet from mobile phones. 
In addition, luminescence techniques are also considered with materials 
from mobile phones (LCD glass sheet, chips, and electronic components) 
or enamel (ex vivo and in vivo). 
We will be giving further insight into these new methodologies and 
discuss advantages and disadvantages, possible capacity as well as 
complementarity with biological analysis methods. 
 
S24. Radiation chemistry in materials 
science    
 
S24-01. Nano- /Micro-Fabrication of Polymeric Materials using 
Focused Ion Beams. Masakazu Washio1, S. Tagawa2, A. Oshima2, T. 
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Gowa Oyama3, S. Okubo3, H. Tsubokura3, T. Takahashi3, 1: Waseda 
University, Japan 2: ISIR, Osaka University 3: RISE, Waseda University, 
Japan 
 
Micromachining of polymeric materials are very attractive technology for 
biomedical micro electro mechanical system (Bio-MEMS) applications, 
e.g., flow cytometers, biological assays, and nano- scale size filters. 
However, hand fabrication limits the ability of current devices to be 
effectively reduced in size. For example, in the case of perfluorinated 
polymers such as PTFE, crosslinked PTFE (RX-PTFE), there was no 
suitable solvent for chemical etching to perform wet bulk 
micromachining, thus micromachining of these polymers had been 
considerably difficult. In the previous study, the micro-fabrication of RX-
PTFE was carried out by synchrotron radiation (SR) direct photo-etching 
technique. It was found that the fine micro-structure with high aspect 
ratio could be fabricated. However, a high accuracy nanometer-scale 
mask is very expensive. In order to realize applications for 
micromachining of polymeric materials with high resolution, high aspect 
ratio and high etching rate, excellent etching properties are required. 
Micromachining of focused ion beam (FIB) is considered as an 
appropriate technology to achieve nanometer – micrometer modification 
because of the potential for allowing high resolution. In the present study, 
the micro- and nano-fabrication techniques for various polymeric 
materials such as perfluorinated polymers (PTFE, RX-PTFE, FEP, PFA), 
biodegradable polymers (PCL, PBSA, PLLA),  aromatic polymers 
(Polystyrene) carried out by focused ion beam (FIB) direct mask less 
etching will be described. The nanometer-scale fabrications of both 
polymeric materials were succeeded by FIB direct etching. The etching 
rates for perfluorinated polymers, biodegradable polymers and aromatic 
polymers show the 5~6× 10-16, 1~2× 10-18, 7~9× 10-19 µm/(ions cm-2), 
respectively. It was found that the etching rates for perfluorinated 
polymers were about two ~ three orders higher than those for 
biodegradable polymers and aromatic polymers. 
 
S24-02. New Strategy to Form by Radiolytic Method Nanoparticles of 
Metal and Semiconductor. Mehran Mostafavi, Université Paris-Sud, 
France 
 
For more than three decades, extensive research work has been devoted to 
the unique properties of clusters. They are made of a small number (or 
nuclearity) of atoms or molecules only, and therefore constitute a new 
state of matter, or mesoscopic phase, between the atom or molecule and 
the crystal. These properties are tunable by varying the size and the 
morphology of the particles. The challenge today is to control these two 
factors in order to reach the best conditions permitting the synthesis of 
adequate materials for advanced technologies. 
We are investigating an alternative approach for stabilization of metal 
particles using colloidal suspensions of nanosized molecular sieves 
(zeolite). Zeolite supported noble metal catalysts have been extensively 
studied in the catalytic field. The advantages of those materials lie in the 
unique combination of the large surface area, high degree of porosity and 
exchangeable cations sites offered by the microporous host matrix with 
the inherent chemical reactivity of the inter-dispersed metal clusters. The 
implement of zeolite as matrix allows achieving nanometric-sized metal 
clusters resulting from the crystallographic well-defined locations for 
metal cations and steric limitation for agglomeration of the metal 
particles. 
The applications of the materials resulting from the stabilization of metals 
and semiconductor clusters within microporous framework open new 
prospects in various fields in regard of their catalytic activities and 
selective sensing properties. Different metals and semiconductor in 
microporous molecular sieves (zeolites) have been extensively 
investigated, notably in the course of the development of bi-functional 
catalysts. However the formation process has to preserve the integrity of 
the colloidal suspension in contrast to the usual thermal treatment used 
for dry microsized zeolite giving way to possible crystal aggregation and 
inter-crystallite diffusion. These difficulties can be circumvented by using 
radiation chemistry methods. In this approach, the energy of an ionizing 
radiation, usually g-ray or accelerated electrons beam is transferred to the 
solution and induces the formation of strong reducing and oxidizing 
species. The pertinence of this approach for studying and controlling the 
nanoparticles formation in solution is widely established. 
Yordanov, Ivan, Knoerr, Raphael, De Waele, Vincent, Mostafavi, 
Mehran, Bazin, Philippe, Thomas, Sebastien, Rivallan, Mickel, Lakiss, 
Louwanda, Metzger, Till H., Mintova, Svetlana, J. Phys. Chem. C. 
2010,  49, 20974. 
Knoerr, R. Yordanov, Ivan, De Waele, V. Mintova, S. Mostafavi, M.: 
Sen. Lett., 2010, 8, 497-501. 
Wong, Ka-Lun, Souici, Abdelhafid, De Waele, Vincent, Mostafavi, 
Mehran,  Metzger, Till H., Mintova, Svetlana, Langmuir, 2010,  26, 
4459.  
Tahri, Z. Luchez, F., Yordanov, I., Poizat, O., Moissette, A., Valtchev, V. 
Mintova, S., Mostafavi, M. Waele, V. De Res. Chem. Inter. 2009, 35, 
379.  
 
S24-03. Reaction of thermalized electrons in resist materials. Takahiro 
Kozawa, Osaka University, Japan 
 
For the resolution improvement of lithography, the exposure source has 
been repeatedly replaced with one with a shorter wavelength. The use of 
an ArF excimer laser has been extended using immersion and double 
patterning technologies. Extreme ultraviolet (EUV) radiation is expected 
as the next-generation exposure source for the high volume production of 
semiconductor devices. The first b tool of EUV lithography was shipped 
from ASML in 2010. The construction of pilot lines of EUV lithography 
has just started. In EUV lithography, a highly sensitive resist called a 
chemically amplified resist is used. Secondary electrons sensitize acid 
generators in chemically amplified resists upon exposure to EUV 
radiation. When an electron is ejected from a molecule through an 
ionization event in resist films, the ejected electron with excess energy 
loses its energy through the interaction with surrounding molecules and is 
finally thermalized. The thermalized electrons either react with acid 
generators during subsequent migration or recombine with radical cations 
in a typical resist. This sensitization mechanism induces resolution blur. 
The reaction of thermalized electrons in resist materials is discussed from 
the viewpoint of the feasibility of mass production with sub-20 nm 
resolution. 
 
Plenary lectures 04 - 06    
 
PL04. Exploring the Two Two-Edged Swords. David Brenner, Center 
for Radiological Research, Columbia University, USA 
 
Our field is in many ways dominated by two different two-edged swords. 
The first, of course, is that radiation can both cause cancer and cure 
cancer. The second, no less important, is that both physics and biology 
are needed to understand either of these phenomena. 
Broadly speaking, the same radiobiological mechanisms dominate both 
radiotherapy and radiation carcinogenesis. At radiotherapeutic doses, 
while cell killing mechanisms are diverse and the details complex, 
dicentric chromosome aberrations play a central role. The similar 
fractionation patterns shown in radiotherapeutic response and in 
chromosome aberration formation are perhaps the strongest arguments 
here. At low radiation doses, induction of chromosome translocations is 
central, at least for leukemogenesis. And here lie the similarities, because 
dicentrics and translocations are produced by almost exactly the same 
complex mechanisms. 
The consequence of these parallel mechanisms is that, even in these days 
of super-specialization, it is possible for a radiation scientist to contribute 
meaningfully both to low-dose radiation risk estimation and to 
improvements in radiation therapy. My own career has been blessed with 
interactions with scientists who have pulled off this trick, especially 
Rainer Sachs and Eric Hall. 
The second two-edged sword in our field relates to physics and biology. 
Their interactions have been central to both low-dose radiation risk 
estimation and to radiation therapy. Again I have been extraordinarily 
fortunate to have worked for most of my career at the Center for 
Radiological Research, founded by Gioacchino Failla almost a century 
ago; Failla‘s legacy of synergistic interactions between physicists and 
biologists has remained its central theme ever since. 
To date it‘s fair to say that physics has dominated radiation therapy, and 
biology has dominated low-dose radiation risk estimation. Moving 
forward, it seems likely that these roles may finally be reversed. One can 
easily see physics playing an increasing role in low-dose radiation risk 
estimation, through technologies such as single-particle microbeams - and 
one can certainly expect that biology will finally move to its long-
anticipated position at center stage in radiation oncology. 
 
PL05. Nanoparticle therapy with the Midas touch. David G. Hirst, 
School of Pharmacy, Queen‘s University Belfast, Belfast, UK 
  
Technological advances in radiotherapy practice, together with enhanced 
understanding of the underlying biology, have lead to a high local control 
probability for tumours in many sites.  However, it is still not possible to 
deliver adequate dose in all cases without unacceptable normal tissue 
damage.  While local control cannot eliminate distant metastases it does 
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have a significant influence on the probability of dissemination.  Tumour 
control has been shown to be dependent on the dose delivered to the 
target volume and on how effective that dose is in killing all cancer 
cells.  This is influenced by the complex biology of tumours and involves 
numerous parameters such as proliferation, DNA damage repair and 
fluctuating oxygen status. It is also dependent on the highly plastic gene 
expression profile of a cancer cell at a given time during therapy.  Over 
the past 60 years radiation biologists have developed ingenious strategies 
to optimize tumour biology. The greatest effort has been directed at 
overcoming the problems of hypoxic radioresistance, but few of these 
approaches have been adopted into routine clinical practice.  
Radioresistance of tumours could also be achieved by enhanced tumour 
dose, both in terms of increased total energy absorbed and focal 
deposition.  This can be achieved by heavy ion therapy, but also by 
targeting high Z materials, such as gold, to the target 
volume.  Radioenhancement of kilovoltage irradiation by gold has been 
known for many years, but the ability to target it to tumours has only 
recently become feasible with the application of gold nanoparticle (GNP) 
technology.  We, and others, have shown that while gold uptake into cells 
and subsequent distribution within the cytoplasm is complex, impressive 
radiosensitization can be achieved in vitro and in vivo. However, the 
available data also suggest that radio-enhancement by gold in some cell 
lines greatly exceeds what would be expected from simple calculation 
based on attenuation coefficient.  We have shown that low concentrations 
of GNP induce apoptosis; they may also act as foci for extreme 
inhomogeneities in dose deposition, which, if located near DNA could 
result in multiply-damaged sites. 
 
PL06. Revealing the complexity of DNA double strand break repair; 
the processes, the lesion and the environment. Penny Jeggo, Genome 
Damage and Stability Centre, University of Sussex, UK 
 
Of all the DNA lesions encountered by a cell, a DNA double strand break 
(DSB) is perhaps the most problematic, with cell death or genomic 
rearrangements being outcomes of no or mis-repair. Studies on lower 
organisms led to the anticipation that homologous recombination (HR), a 
perfect mechanism to repair DSBs, would be the pathway used in 
mammalian cells. However, the identification of genetic defects 
conferring radiosensitivity and impaired DSB repair in mammalian cells 
revealed the major role played by a less sophisticated and anticipated 
lower fidelity, DSB repair pathway, DNA non-homologous end-joining 
(NHEJ). Perhaps more surprisingly, ataxia telangiectasia (A-T), the most 
radiosensitive human disorder described, appeared proficient in rejoining 
single and double strand breaks.  Identification of ATM as the protein 
defect in A-T and its subsequent vast array of substrates demonstrated the 
existence of a complex but co-ordinated response to DSBs functioning 
alongside NHEJ. As processes to monitor DSB formation and repair have 
gained in sensitivity, a role for ATM in a subcomponent of DSB repair 
became evident. Indeed, ATM is specifically required for the repair of 
DSBs located within or in the vicinity of regions of heterochromatin 
(HC). ATM becomes localised at all DSBs via modifications to 
chromatin that require the damage response mediator proteins including 
the MRN complex, H2AX, MDC1, RNF8, RNF168 and 53BP1. ATM 
phosphorylates KAP1, a heterochromatic protein, pan nuclearly as well as 
in a concentrated manner at HC-DSBs. This process causes HC relaxation 
enabling repair of those DSBs where the compacted chromatin structure 
precludes repair.  So what happens in G2 phase, where HR can also be 
utilised. Perhaps surprisingly, even in G2 phase, NHEJ represents the 
major pathway utilised. Evidence will be presented for a model whereby 
NHEJ makes the first attempt to repair DSBs in S and G2 phase, but if 
rapid rejoining does not ensue either because of lesion or chromatin 
complexity, then resection and HR ensue. Thus, DNA lesion or chromatin 
complexity can dictate the pathway utilised via an ordered process in 
which NHEJ represents the first choice. A model will be presented to 
consider what may happen in G1 phase when chromatin or lesion 
complexity delays rapid repair. 
 
S25. Cell adhesion/migration in response to 
irradiation    
 
S25-01. Targeting the irradiation-induced proangiogenic and pro-
invasive phenotype. Martin Pruschy, P. Hollenstein-Furmanova, C. 
Rohrer Bley, K. Orlowski, C. Shen, A. Broggini-Tenzer, University 
Hospital Zurich, Switzerland 
 
Ionizing radiation (IR) affects multiple cellular components, which 
induce a multilayered tumor stress response. Para- and autocrine factors 
are released into the tumor microenvironment in response to irradiation 
and treatment-activated intracellular stress-responses. During the time 
course of a fractionated radiation regimen they modulate thereby the 
tumor microenvironment and these processes co-determine the treatment 
sensitivity of the tumor and eventually treatment outcome. Using a panel 
of genetically defined tumor cells, derived from different tumor entities, 
we analyzed the expression and secretion of biologically active factors in 
response to IR. Such IR-activated modulators of tumor angiogenesis and 
tumor cell migration eventually represent interesting novel targets for 
combined treatment modalities. 
With a specific focus on microtubule stabilizing agents (MSA) we 
investigated deregulation of important components of the tumor 
microenvironment by the combined treatment modality of IR with the 
clinically relevant MSA patupilone. In a lung carcinoma tumor model, IR 
alone induced hypoxia-dependent VEGF-expression. A strong dominant 
counteracting effect of patupilone was observed when IR was combined 
with patupilone, on the level of HIF-1a protein stability, VEGF-
expression and VEGF-secretion, but only in patupilone-sensitive and not 
in patupilone-resistant tumor cell lines. Patupilone and IR thereby 
dysregulated hypoxia-induced tumor angiogenesis, contributing to the 
potency of this promising combined treatment modality. IR also enhanced 
the enzymatic activity of secreted matrix metalloproteinases and 
increased the invasive capacity of several tumor cells. Interestingly low 
dose patupilone-pretreatment also counteracted specifically IR-induced 
enhanced MMP activity and patupilone pretreatment completely 
abrogated IR-induced cell invasion. This effect is mainly regulated by the 
secretion of the corresponding tissue inhibitors of metalloproteinases 
(TIMPs). 
These results indicate that multiple proangiogenic and pro-invasive 
factors are specifically induced by ionizing radiation. Combined 
treatment modalities of IR with pharmacological agents, which prevent 
the secretion of these factors, represent a promising treatment approach. 
 
S25-02. Mechanisms and Consequences of Radiation-Induced 
Phenotypes. Mary Helen Barcellos-Hoff, New York University School 
of Medicine , USA 
 
Ionizing radiation is a complete carcinogen, able to both initiate and 
promote carcinogenesis.  While mechanisms leading to initiation, i.e. 
DNA damage, repair and mutation, are widely studied, there is growing 
interest in the contribution of radiation-induced phenotypes that 
contribute to radiation health effects, like carcinogenesis. Radiation-
induced phenotypes are encompassed within a class of radiation 
responses called non-targeted effects (NTE) that are often observed in the 
progeny of irradiated cells or at delayed times.  An important feature of 
NTE is switch-like dose dependence, i.e. effects are elicited in toto by 
relatively low doses.  Non-malignant human mammary epithelial cells 
exposed to a single exposure (3-200cGy) of either low or high LET 
radiation are primed to undergo TGFβ mediated epithelial mesenchymal 
transition (EMT), characterized by loss of junctional complexes, 
increased motility and greater phenotypic plasticity.  Transition through 
EMT also increases pluripotent cells, whose regenerative potential can 
increase the potential for malignant transformation.  Consistent with this 
in vitro model, expression profiling of irradiated mouse mammary gland 
includes TGFβ dependent programs associated with EMT and mammary 
stem cells, as well as monocyte/macrophage infiltration. Functional 
assays confirmed increased stem cell activity, recruitment of 
CD11b/MMP9 positive macrophages, and accelerated tumorigenesis in 
an irradiated host.  These data suggest that while NTE may be broadly 
distributed, concordance of highly localized processes may be essential 
determinants of radiation carcinogenesis.  Thus, we hypothesize 
deterministic NTE affecting cell phenotypes and behaviors together 
stochastically form pre-cancer niches that act over time to disrupt tissue 
architecture and promote malignant progression. 
Research support provided by NASA Specialized Center of Research and 
DOE Low Dose Program. 
 
S25-03. Should I stay or should I go? Cell migration after irradiation. 
Nils Cordes, OncoRay - National Center for Radiation Research in 
Oncology, Dresden University of Technology, Germany 
 
Whether radiation exposure attenuates or stimulates cell migration and 
invasion is still under debate. The prime model for such investigations is 
glioblastoma. This hard to treat and highly aggressive tumor type 
infiltrates the surrounding normal tissue in a destructive manner. 
Arguments in favor of radiogenic tumor cell migration/invasion have 
been exclusively generated in preclinical in vitro and in vivo systems. 
Moreover, tumor heterogeneity and differences in applied therapies are 
large and do not allow a reasonable interpretation with regard to tumor 
cell migration and invasion. Further vagueness exists for the distribution 
ORAL PRESENTATIONS 
 48 
of tumor cells within the tissue at the pretreatment stage. Despite these 
clinically relevant factors, our molecular knowledge on how tumor cells 
migrate is in its infancy as underscored by elegant work on ameboid 
single cell and group cell invasion that even questions the central role of 
integrin cell adhesion receptors and matrix metalloproteases (MMP) in 
theses processes. Here, we show data on glioblastoma cell migration, 
invasion and survival upon exposure to X-rays. Both migration and 
invasion of tested cells (U138MG, A172, LN229, LN18) either remain 
unaffected or are effectively hampered by irradiation. Mechanistically, 
we hypothesize that radiogenic induction of beta1 and beta3 integrins on 
the cell surface results in local anchorage supported by overwhelming 
MMP activation and matrix degradation by MMP-2 and -9. To block 
basal or enhance radiation-dependent decrease of migration and invasion, 
monoclonal anti-integrin antibodies alone or in combination with MMP 
inhibitors were effectively applied. Orthotopic tumor cell models, 3D cell 
cultures and clinically applicable high-resolution imaging on the single 
cell level seem to be required to reach clarification of this debate and gain 
further in-depth information about the process of tumor cell mirgation. 
 
S26. Radiation research award session    
 
S26-01. Experimental radiation-induced heart disease: past, presence 
and future. Marjan Boerma, University of Arkansas for Medical 
Sciences, USA 
 
Radiation-induced heart disease (RIHD) is a serious side effect of 
radiotherapy of intrathoracic and chest wall tumors. The threshold dose 
for development of clinically significant RIHD has recently been shown 
to be lower than previously assumed. Therefore, research into 
mechanisms of RIHD has gained substantial momentum. RIHD becomes 
clinically apparent after a latent time of on average ten years after 
radiation exposure, but this time can be shorter or longer depending on 
radiation dose, volume exposed, and additional cardiovascular risk 
factors. Chronic manifestations of RIHD include accelerated 
atherosclerosis, myocardial fibrosis and valve abnormalities. There is no 
method to prevent or reverse RIHD once it occurs. We use a combination 
of pharmacological and genetic animal models to perform mechanistic 
studies into RIHD. This presentation will give an overview of our 
experimental models and present some recent results with regard to the 
role of certain molecular pathways, such as the kallikrein-kinin system 
and the epidermal growth factor receptor pathway. The long-term goal of 
this work is to identify targets by which we may intervene in RIHD, 
thereby enhancing the efficacy and safety of thoracic radiotherapy.  
 
S26-02. Genetic variation in immunity alters murine response to 
whole thorax irradiation. Alexandra Paun, C. Haston, McGill 
University, Canada 
 
Thoracic cavity radiotherapy is limited by the development of alveolitis 
and fibrosing alveolitis in a susceptible subpopulation of treated 
patients.  To identify genes which influence the lung response to radiation 
we combined an assessment of a genome wide single nucleotide 
polymorphism (SNP) and haplotype association evaluation of inbred 
strain response (fibrosing alveolitis in 27 mouse strains) with prior 
linkage (loci on chromosomes 1,6,7,9 and 17) and gene expression data. 
Mice were exposed to 18 Gy whole thorax irradiation and the alveolitis 
and fibrosis phenotypes were determined. In the inbred strain panel, nine 
strains developed significant fibrosis (>4.5% of lung), with the remainder 
succumbing to alveolitis only or alveolitis with minimal fibrosis (<2% of 
lung).  Genome wide SNP analysis identified 10 loci as significantly 
associated with radiation-induced fibrotic lung disease (p<8.41*10-6). The 
most significant SNP lies in a conserved non-coding region downstream 
of Cadm1 located in the linkage interval on chromosome 9. The 
polymorphism potentially disrupts a cis regulatory element, as the cell 
adhesion molecule gene shows differential expression between fibrotic 
and alveolitis-prone strains in our panel. Within previously identified loci 
other genes containing SNPs associated with fibrosis include Slamf6 Pi16 
and Cdkn1a which function in immune responses. 
Combining genomic approaches identified variation within specific 
immunity genes as associated with the fibrotic lung response to thoracic 
irradiation in mice. Knowledge of genetic factors predisposing to lung 
disease in mice could eventually permit pre-treatment identification of 
radiation-sensitive or resistant patients which would assist in defining 
patient specific radiotherapy. 
 
S27. Tumor hypoxia and radioresistance    
 
S27-01. Molecular mechanism behind HIF-1-mediated 
radioresistance and postirradiation recurrence of tumors. Hiroshi 
Harada1, M. Hiraoka2, 1: Career-Path Promotion Unit, Kyoto University, 
Japan 2: Kyoto University Graduate School of Medicine, Japan 
 
Tumor recurrence frequently occurs after radiation therapy. Hypoxia-
inducible factor 1 (HIF-1) has been strongly associated with 
radioresistance and post-irradiation recurrence of tumors, but underlying 
mechanisms have not been fully elucidated. The purpose of this study is 
to elucidate the mechanism underlying HIF-1-mediated radioresistance 
and recurrence of malignant tumors. In the present study, we monitored 
HIF-1 activity in a subcutaneous tumor xenograft with a novel 5HREp-
ODD-luc reporter gene, which expresses ODD-luciferase fusion 
protein under the regulation of a HIF-1-dependent 5HRE promoter. In 
addition, Applying a Cre-ERT2/loxP-dependent site-specific 
recombination system, we established a unique strategy to tag hypoxic 
tumor cells with luciferase proteins and performed cell tracking 
experiments to analyze the fate of the tagged cells during and after 
radiation treatment. The optical imaging experiments revealed that 1) 
radiation up-regulates intratumor HIF-1 activity and induces VEGF 
expression, 2) VEGF protects endothelial cells from cytotoxic effect of 
radiation, and 3) the radio-protected tumor blood vessels supply oxygen 
and nutrients to tumor cells and assure tumor growth. In addition to such 
an indirect function of HIF-1 in tumor radioresistance, the cell tracking 
experiments clearly showed that hypoxic tumor cells predominantly 
survive radiation therapy, migrate to tumor blood vessels in HIF-1-
dependent manner, and mainly cause recurrent tumors after radiation 
therapy. Our findings provide rational basis for combining radiation 
therapy with hypoxia- and HIF-1-targeting therapies. 
 
S27-02. Novel oxygen sensitive signalling pathways and their 
potential as therapeutic targets. Bradley G. Wouters, Ontario Cancer 
Institute, Toronto, Canada 
No abstract 
 
S27-03. Imaging of Hypoxia-Induced Radiation Resistance and 
Treatment Response. Rehan Ali, E. Graves, A. Giaccia, Stanford 
University, USA 
 
AIM: With the advent of methods for noninvasively imaging hypoxia, 
there is significant interest in applying this technology towards 
prospectively identifying hypoxic tumors and tailoring treatments to their 
specific radiosensitivity.  We used hypoxia PET to interrogate murine 
tumor models, and followed their response to a variety of radiotherapy 
regimens with a molecular imaging methods. 
METHODS: 18F-EF5 was synthesized using a modified version of the 
published synthetic protocol.  Mice bearing subcutaneous, orthotopic, or 
spontaneous tumors of the lung, head and neck, or pancreas were injected 
with 200 uCi of EF5 and imaged using microPET at three hours post-
injection. Radiotherapy was delivered in between one and four daily 
fractions to total doses between 10 and 40 Gy, using a collimated single 
field irradiator.  Tumor response was measured in terms of change in size 
by daily caliper measurements and weekly x-ray computed tomography 
(CT) imaging, and in terms of functional response by periodic 
fluorodeoxyglucose (FDG) and EF5 PET as well as bioluminescence 
imaging (BLI) and fluorescence imaging using an angiogenesis-specific 
integrin-binding peptide probe. 
RESULTS: Associations between initial EF5 uptake and radiotherapy 
response as measured by change in tumor size were noted for single 
fraction treatments, while multifraction treatments demonstrated no 
significant differences in outcome between tumors with high and low 
initial EF5 uptake.  A variety of responses to radiotherapy were noted 
amongst the measurement strategies employed, including an 
inflammatory response evident by FDG PET and fluctuating oxygenation 
post-treatment. 
CONCLUSIONS: Hypoxia imaging is significantly associated with 
radiotherapy response in preclinical model systems.  Prospective 
evaluation of these findings as well as clinical translation are now in 
progress. 
 
S28. Computational approach to 
understanding DNA protection by protein 
binding    
 
S28-01. Effect of protein binding to direct and indirect radiation 
damage to DNA. Marie Davidkova1, V. Ńtěpán1, M. Spotheim-
Maurizot2, 1: Nuclear Physics Institute ASCR, Czech Republic 2: Centre 




Binding of proteins to their cognate DNA modulates radiation damage of 
both partners. Theoretical simulation can provide a realistic estimation of 
yields and distributions of radiation damages in complex cellular targets 
such as DNA complexes with proteins.  It can be therefore used as a tool 
to elucidate the role of protein interaction in processes of radiation 
damage to DNA. 
Theoretical model RADAMOL based on Monte Carlo technique has been 
developed to simulate direct and indirect radiation damage to biological 
target represented by its atomistic conformation. Time-space evolution of 
charged particle tracks is followed from initial energy deposition by 
charged particle in water up to the end of chemical stage with non-
homogeneous distribution of radical species (10-6s). Direct ionizations of 
DNA or surrounding bound water molecules lead to electron and hole 
generation followed by charge migration and localization in DNA. 
Indirect damage comprises lesions formed by chemical reactions of 
deoxyribose, nucleobases and amino-acids with OH·, eaq
- and H· radical 
species. The spectrum of simple and complex damages in the target is 
achieved. 
Using RADAMOL, radiation damage of free DNA lac operator and DNA 
with bound lac repressor protein has been calculated for electrons, 
protons and alpha particles. The effect of lac repressor binding on overall 
DNA damage will be demonstrated. The contribution of direct and 
indirect radiation action to the spectrum of simple and complex DNA 
damage will be discussed with regard to radiation track structure and 
protein binding to DNA. 
 
S28-02. The action of amino acids on electron irradiated DNA films. 
Sylwia Ptasinska1, L. Sanche2, 1: University of Notre Dame, USA 2: 
Groupe en Sciences des Radiations, Département de Médecine Nucléaire 
et de Radiobiology, Facultéde Médecine, Université de Sherbrooke, J1H 
5N4, Sherbrooke, Québec, Canada 
 
The damage to DNA induced by ionizing radiation can occur through 
many different reactions, e.g. electron transfer or radical attack. The type 
of damage, as well the amount of damage induced depends upon the 
presence of other molecular components in close proximity to DNA, 
particularly the proteins. 
In these experiments a short chain of single stranded DNA with and 
without of amino acids was exposed to very low energy electrons, ~ 1eV, 
and total fragmentation was estimated by means of high performance 
liquid chromatography [1]. Since the interaction between DNA and 
proteins depends on the type of amino acids involved, experiments were 
performed for different molar ratios and for two different amino acids, 
glycine and arginine. 
At low ratios of glycine: nucleotide, an increase in the total fragmentation 
yield was detected. It has been suggested that such an increase in DNA 
damage is mostly due to the formation of H radicals produced via 
dissociative electron attachment to glycine [2]. 
At higher ratios of amino acid:nucleotide, glycine and arginine appear to 
shield DNA from the direct action of these low energy electrons. 
However, the level of radioprotection of DNA is higher in the case of 
arginine. This could be related to the stronger intermolecular reactions 
between arginine and nucleotides than in the case of glycine and 
nucleotides. 
In order to get further insight into the role of amino acids on DNA the 
binding energies for amino acid nucleobase/nucleotide pairs were 
calculated by applying forcefield theories. From computational modeling 
of the interactions (i.e. van der Waals, electrostatic and hydrogen bonds) 
between these amino acids and DNA units the binding energies obtained 
are higher for arginine than glycine. 
References: 
[1] S. Ptasińska, Z. Li, N.J. Mason, L. Sanche, PCCP 12 (2010) 9367 
[2] S. Ptasinska, S. Denifl, A. Abedi, P. Scheier, T.D. Märk, ABC 377 
(2003) 1115 
 
S28-03. The Development of New Radioprotectors – DNA Binding 
Studies with Methylproamine Analogues. Roger Martin1, C. Skene2, J. 
White2, P. Lobachevsky1, 1: Peter MacCallum Cancer Centre, Australia 
2: Bio21 Institute, University of Melbourne, Australia 
 
Methylproamine was the first lead compound in a programme aimed at 
developing new DNA binding radioprotectors for protection of normal 
tissues in radiotherapy patients by topical application.  Although a potent 
radioprotector, methylproamine has an innate cytotoxicity imposing a 
narrow concentration range between radioprotection and 
cytotoxicity.  Our lead optimisation program, involving the design and 
synthesis of over 150 analogues of methylproamine, has identified new 
lead compounds that are both less cytotoxic than methylproamine, but 
without compromise of radioprotective activity.  Indeed, some of the 
analogues are substantially more active than methylproamine.  Starting 
from the basic structural features of methylproamine, namely the methyl 
piperizine ring, the link to two benzimidazoles and a substituted phenyl 
ring, the analogues reflect modification in one or more of these four 
features.  The DNA binding of many analogues has been studied by a 
spectrophotometric method involving the use of oligodeoxynucleotides 
with a defined minor groove binding site (namely GATTC).  For a subset 
of analogues the binding studies have extended to oligodeoxynucleotides 
without the minor groove binding site.  The binding measurements have 
been supplemented with docking calculations using Autodoc4, developed 
at the Scripps Institute.  Analogues in which one or both benzimidazoles 
are replaced with other heterocycles often have increased cytotoxicity, 
associated with a switch of the predominant binding mode from minor 
groove to apparent intercalation.  This is usually associated with a 
profound decrease in radioprotective activity suggesting that minor 
groove binding is an important requirement for radioprotection.  This 
conclusion is also supported by the low radioprotective activity of 
analogues with benzimidazole substituents that prevent approach of the 
ligand to the minor groove.  However it also clear from the structure-
activity studies, that DNA binding is by no means the sole determinant of 
radioprotective activity.  Our working hypothesis, which is supported by 
early pulse radiolysis studies, is that DNA bound ligands reduce transient 
radiation-induced oxidising species on DNA.  This hypothesised 
mechanism implies electron donation from the ligand into the DNA and 
movement along DNA to the lesion.  
 
S28-04. Structural analysis of the interaction between the Ku protein 
and DNA. Hirofumi Fujimoto1, K. Saito2, K. Tsuchida1, H. Maekawa3, N. 
Honda1, T. Sakudoh1, J. Kotulic Bunta2, T. Nemoto4, M. Pinak2, H. Ode1, 
M. Koike5, M. Higuchi2, 1: National Institute of Infectious Diseases, 
Japan, 2: Japan Atomic Energy Agency, 3: University of the Ryukyus, 4: 
Research Organization for Information Science and Technology, 5: 
National Institute of Radiological Sciences, Japan 
 
Ku is an abundant nuclear protein that plays an important role in repairing 
double-strand breaks in DNA, which arise from exposure to ionizing 
radiation or chemical agents. Human Ku is composed of two homologous 
subunits, Ku70 and Ku80, and contains a ring structure that can encircle 
DNA. Several lysine residues on Ku70 have been reported as a target of 
acetylation that controls the interaction with other proteins and 
nucleotides. Three lysine residues inside the ring of Ku70 (K317, K331 
and K338) are acetyled in vivo. The physiological significance of 
acetylation on those lysine residues inside the ring is still unclear, but the 
mutation analysis demonstrated that the ability of Ku to bind DNA was 
suppressed in vitro. 
In this study, we examined the acetylation effect of those three lysine 
residues on the affinity of Ku with DNA applying computer simulation 
techniques. Experimentally, the effects of acetylation have been studied 
using recombinant mutants in which lysine residues are substituted with 
glutamine as a mimic of acetyl lysine (KQ mutant), or with arginine as a 
mimic of nonacetylated lysine (KR mutant). To design experimentally 
verifiable molecular models, we replaced three lysine residues on the 
wild type Ku70 ring with arginine, glutamine and acetyl lysine 
independently. 
Comparing with the wild type Ku, the binding free energy was reduced in 
the KQ mutant while the KR mutant had no effect, which is consistent 
with previous experimental results. Unexpectedly, the binding energy 
between Ku and DNA was maintained at almost the same level as in the 
wild type protein despite full acetylation of the lysine residues. These 
results suggest that acetylation of the lysine residues in the Ku70 ring did 
not remarkably reduce the affinity of Ku for DNA, although those 
residues have been acetylated in in vivo studies. 
In addition to lysine residues inside the Ku ring, the in vivo acetylation of 
lysine residues has been reported at the C-terminal interdomain region of 
Ku70. The acetylation at this region is thought to control the interaction 
between Ku and Bax, a pro-apoptotic factor that associates with 
mitochondria-dependent apoptosis. In our Ku-DNA complex models, 
those lysine residues are likely to interact with DNA and/or Ku80. 
Possible mechanisms will be discussed. 
 
S29. Radiation chemical studies of bioactive 
compounds 
 
S29-01. Mechanistic studies on herbal drugs and their active 
ingredients in relation to their antioxidant and radioprotection 




Antioxidant research in Chemistry Group, BARC started with an idea to 
show that physico-chemical methods are very useful in understanding the 
efficacy and mechanism for the reaction of the biologically important 
radicals with natural and/or synthetic organics. With this view several 
state of the art facilities have been developed in this group during last 
decades. 
The physicochemical parameters like redox potential, reactivity, half-life, 
chemical transformation and stable end products determine the positive 
and adverse effects of the test molecules in use. Results from these 
studies are expected to provide a clear view of the electron transfer 
processes that occur both in free radical induced damage as well as repair 
by antioxidants. The kinetic parameters e.g., formation and decay rate 
constants predict the efficacy of an antioxidant and its fate after the 
reaction. Radioprotection is another very important area of research being 
pursued in our group. Several natural and synthetic molecules are in 
different levels of studies. Here again radiation chemical and radiation 
biological research are being carried out hand in hand. New molecules are 
being synthesized for testing their antioxidant as well as radioprotection 
action and the mechanism of their chemical activity.   
In this article starting with the description of the facilities available, 
discussion will also be continued on herbal extracts and their active 
ingredients as their efficacy in antioxidant and radioprotective 
effects.  The systems chosen for discussions will be Indian herbal extracts 
such as triphala extracts, chevivetol from beetel leaves, curcumin from 
turmeric, methoxy-phenols from Indiahn spices, dehydrogingerdione 
from ginger, bakuchiol from Psoralea corylifolia,  barberine and 
jetrorhizine from Tinospora  corylifolia and few selected selenium 
compounds. 
 
S29-02. Radioprotection by the soy isoflavone genistein. Michael 
Landauer, Armed Forces Radiobiology Research Institute, Uniformed 
Services University , USA 
 
Radioprotective agents are chemical compounds that are administered 
prior to irradiation and provide protection from ionizing radiation-
induced injury. They have applications for use in clinical oncology, space 
travel, emergency responders, and military scenarios. The ideal 
radioprotector would be nontoxic, increase survival, could be stored 
without refrigeration, have a long shelf-life, and would not degrade 
performance. The use of the soy isoflavone genistein as a radioprotective 
agent using adult CD2F1 male mice will be discussed. A single 
subcutaneous (SC) or intramuscular (IM) injection of genistein provided 
optimal radioprotection when administered 24 h before a total body 
irradiation  dose (LD>90/30) of 60Co gamma radiation. There was a 
significant increase in 30-day survival for animals receiving genistein, 
with the optimal dose being 200 mg/kg. Genistein also resulted in 
significant increases in survival when administered by oral gavage for 
two to six days prior to irradiation. The improvement in genistein-
induced radioprotection was related to accelerated neutrophil and platelet 
recovery, resulting from earlier and more pronounced multilineage, 
hematopoietic progenitor cell reconstitution in the femoral marrow 
compartment. Protection of the bone marrow was also associated with a 
genistein-induced transient pause in the cell cycle where hematopoietic 
stem cells remained in the Go quiescent phase. Genistein also induced 
increases in serum levels of granulocyte colony-stimulating factor (G-
CSF) 4-24 h after injection. In sublethally irradiated mice, an accelerated 
rate of body weight recovery was observed in genistein-treated mice. The 
genistein doses used did not result in any adverse behavioral or 
histopathological effects when evaluated in normal nonirradiated animals. 
These results demonstrate that genistein at nontoxic doses is an effective 
radioprotective agent when administered parenterally or orally to mice.  
 
S29-03. Novel tools in the research on antioxidants - the global 
profiling of ROS/RNS in cell-free and cellular systems. Adam Sikora1, 
J. Zielonka2, M. Zielonka2, J. Joseph2, J. Adamus3, A. Dybala-Defratyka3, 
L. Piotrowski3, M. Hardy4, O. Ouari4, B. Kalyanaraman2, 1: Institute of 
Applied Radiation Chemistry, Technical University of Lodz, Poland, 2: 
Department of Biophysics and Free Radical Research Center, Medical 
College of Wisconsin, Milwaukee, WI 53226, USA, 3: Institute of 
Applied Radiation Chemistry, Technical University of Lodz, Lodz, 
Poland, 4: Universités d‘Aix-Marseille, UMR 626, LCP, Campus de 
Saint Jérôme, Avenue Escadrille-Normandie-Niemen, F-13397 Marseille 
Cedex 20, France 
 
It is now more than forty years since Joe McCord and Irwin Fridovich 
discovered that erythrocuprein, better known under its contemporary 
name superoxide dismutase (SOD), catalyzes dismutation of superoxide 
radical anion. That discovery has revolutionized the understanding of the 
role of reactive oxygen and nitrogen species (ROS/RNS) in biology and 
medicine. During the last few decades a tremendous progress in the 
understanding of the biological reactions of those species and their 
physiological signaling functions has been done, but their intracellular 
detection and quantitation still remain a challenge. In recent years a real 
progress has been made in the methodology of superoxide, hydrogen 
peroxide, and peroxynitrite detection in biological systems, due to the use 
of more specific, and selective fluorogenic chemical probes. Here we 
present the real-time monitoring of several reactive oxygen species in 
vitro, and in activated macrophages, using the real-time fluorescence 
monitoring and HPLC methods. It can be predicted that the simultaneous 
detection of multiple ROS/RNS with the use of appropriate fluorogenic 
probes will be extremely useful in the studies on oxidative stress, and 
bioactive compounds, i.e. antioxidants, or radioprotectors. It will be also 
demonstrated, that those probes can be also useful tools in the radiation 
studies on antioxidants. 
 
Thursday 
Eye openers EO18 - EO23   
 
EO18. The Ins and Outs of DNA DSB repair foci. William Bonner, 
NIH, Bethesda, USA 
 
The formation of a DNA double-strand break (DSB) in eukaryotic cells is 
generally accompanied by the phosphorylation of hundreds of histone 
H2AX molecules in the chromatin flanking the DSB site. These foci and 
hence DSB sites can easily be visualized with antibodies raised to this 
phosphorylated H2AX (g-H2AX) C-terminal peptide. While they may 
comprise a small fraction of all DNA lesions induced by agents such as 
ionizing radiation, chemicals, and reactive oxygen species (ROS), DSBs 
are considered to be among the most genotoxic since they often result in 
genome instability. The foci formed at DSB sites serve as sites of 
accumulation of many proteins involved in DSB repair and chromatin 
remodeling, leading to the notion that these local stores  may speed DNA 
and chromatin repair. Foci may also lead to changes in the local 
chromatin environment, including decondensation and maintaining the 
close proximity of double-stranded DNA ends. 
Efficient DSB repair is central to genome stability and the g-H2AX focus 
assay permits even small numbers of DSBs to be counted in tissues 
exposed in vivo. g-H2AX foci rapidly enlarge after break formation 
reaching maximal size within 15-30 min. This is followed by a slower 
decrease in foci numbers as repair takes place, resulting in a small 
percentage of the original foci numbers remaining after 24 hr. However, 
recently it has been shown that some foci are quite persistent, surviving 
for days or weeks after the initial DNA damage. Coupled with a very low 
background in cells of unexposed individuals, exposures above 3.5 Gy 
can be measured as long as four days after the initial exposure in 
lymphocytes and perhaps longer in hair bulbs. In cases where biological 
samples can be obtained soon after the initial damage, lower doses of IR 
such as those used for X-ray examinations or computed tomography 
scans can be measured. In addition, the clastogenic effects of 
chemotherapeutic and environmental agents can be measured in patient 
tissues as well as in in vitro screens. Also, the presence of chronic 
inflammation has been detected as elevations in foci numbers. One of the 
more exciting and challenging findings from in vivo studies is that 
individual responses to the same agent may differ considerably. By 
understanding the nature of persistent foci and individual patient 
responses, we may be able to tailor treatments to the individual and 
thereby improve human health. 
 
EO19. Cell death pathways: mechanisms and relevance to the 
radiation response. Brian Marples, William Beaumont Hospital, USA 
 
Ionizing radiation causes genomic instability by DNA damage. 
Consequently, a sophisticated signal transduction network has evolved to 
sense DNA damage and respond appropriately.  DNA damage triggers 
the activation of cell cycle arrest pathways and the induction of several 
DNA repair processes. In the case of irreparable damage, different 
responses occur which result in cell death by senescence, apoptosis, 
autophagy or by a classical radiation-induced mitotic cell death. This 
presentation will review the interactions between cell death pathways and 
molecular responses with respect to the radiation damage. 
 
EO20. Radiation and DNA lesions: when quality matters. Gisela 
Taucher-Scholz, GSI, Darmstadt, Germany 
 
In contrast to gamma- or X-rays, high- linear energy transfer (LET) 
charged particle radiation induces highly localized DNA damage. The 
spatially correlated lesions induced include damaged bases as well as 
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single- and double-strand breaks (DSBs) in close proximity. The resulting 
quality of the complex  lesions produced is the basis of an increased 
biological effectiveness, which is of advantage in carbon ion tumor 
therapy but of concern during space travel. This session will address the 
molecular consequences of spatially localized DNA damage. 
Energy deposition by ionizing radiation occurs via secondary electrons 
independent of radiation quality. Biophysical modelling indicates that the 
spatial distribution of ionizing events is the critical feature determining 
different biological effects due to lesion clustering. Studies using plasmid 
DNA, cells or tissue have provided data on the induction and repair of 
clustered DNA damage, without directly reflecting biological 
effectiveness. Recently, using repair proteins as surrogate markers for 
DNA lesions, ion-induced damage tracks have proved useful for the 
visualization of induction and processing of DNA damage at the single-
cell level. Immunofluorescent microscopy or live cell imaging techniques 
have thus revealed the spatiotemporal dynamics of repair proteins. A 
remarkable positional stability of DSBs became apparent, independent of 
radiation quality. However, differences in the quality of the DNA damage 
induced are related to impaired and/or error prone repair. 
Besides lesion quality, chromatin structure has recently emerged as a 
factor influencing the damage response. Although the subcellular 
localization of damage does not reduce the accessibility to repair, 
chromatin complexity indicates a requirement for additional repair 
factors. In heterochromatin regions that are rich in repetitive DNA 
sequences, the relocation of damage from highly condensed to lower 
density euchromatic areas may be a conserved mechanism to prevent 
potentially deleterious repair events. 
 
EO21. Health effects of exposure to radiation from residential 
radioactive building materials. Ping-Kun Zhou, Beijing Institute of 
Radiation Medicine, China 
 
A series of case-control studies have been conducted and reported in 
world-wide on the health effects of radiation exposure from increased 
level of residential radon in houses as well as the building materials 
containing naturally occurring radionuclides as (40)K, (232)Th, and 
(238)U and their progeny, or cobalt-60-contaminated buildings. The 
exposure levels in most of these reported populations were within several 
mSv per year. These low levels of exposure to radioactive building 
materials resulted in a small excess risks in some reports, and no obvious 
effects on health, especially on clinical outcome in others. It has been 
demonstrated a certainly increased lung cancer risk in a high residential 
radon exposure area in Gansu Province, China. However, there has not 
found any increased cancer risk associated with the high levels of natural 
radiation in a high background radiation area (HBRA) of Yangjiang in 
China. The average annual effective dose is about 6.4 mSv in this HBRA. 
On the contrary, the mortality of all cancers in HBRA was generally 
lower than that in control area, but not significant statistically. An 
increased cytogenetic aberration was found in HBRA population as 
compared with the control population. The abnormal chromosomal 
changes or micronuclei was also reported in others cases living in houses 
with high level of exposure to radioactive building materials. It is likely 
that the cytogenetic change from genomic lesion is a sensitive index to 
low dose irradiation. Here the health effects have also been reviewed on a 
number of studies on the residents ever living in the cobalt-60-
contaminated buildings. 
 
EO22. Optimising drugs that target redox pathways. Bob Anderson, 
University of Auckland, New Zealand 
 
Oxygen plays a pivotal role in inhibiting drug metabolism by reductases 
which function via a one-electron reduction pathway. Use is being made 
of this redox pathway in the development of bioreductive prodrugs to 
selectively release cytotoxins to kill hypoxic cancer cells, which are 
resistant to front line chemotherapy drugs that function on aerobic cells in 
cycle. The problem of hypoxic tumour cells resistance to treatments was 
discovered by Gray and colleagues some 60 years ago, where they 
showed increased cell kill by radiation in the presence of oxygen 
compared to cells irradiated in anoxia. The discovery spawned much 
interest in the search for compounds which could penetrate into hypoxic 
regions of tumours and mimic the effect of oxygen.  Advances were made 
in the development of ‗electron-affinic‘ compounds as radiosensitisers 
through the quantification of their redox properties but culminated with, 
in the main, unsuccessful clinical trials using nitroimidazoles in the 1970-
1980s. Part of this failure was due to the inherent redox-related normal 
tissue toxicity of these drugs, possibly through futile redox cycling with 
oxygen, which restricted usable doses of these drugs to less than optimum 
levels to exhibit radiosensitisation with fractionated radiotherapy. The 
emergence of regimens of stereotactic ablative radiotherapy, where a few 
tightly focussed large radiation doses are combined with a radiosensitiser, 
is giving fresh impetus to the improved use of radiosensitisers in the 
treatment of solid tumours. Whereas bioreductive prodrugs do also 
exhibit cytotoxicity towards normal oxic tissues, potent cytotoxins can be 
designed to be released to attack hypoxic cells, which should result in a 
high therapeutic index. In this presentation, the pathways by which 
different classes of cytotoxins are released or unmasked are discussed 
together with examples from our laboratory on how classes of redox 
active drugs can be optimised for killing not only cancer cells but can be 
targeted to killing invasive micro-organisms. 
 
EO23. Planning/responding to radiological or nuclear terrorism. 
Viktor Meineke, Bundeswehr Institute of Radiobiology, Germany 
 
Latest since the terrorist events of  9/11 risk perception in the field of 
potential radiological or even nuclear scenarios has dramatically changed. 
In earlier times, especially in the face of cold war threat scenarios, 
knowledge, education and training to cope with the consequences of a 
nuclear attack had primarily been specific expertise of military 
institutions, now this special knowledge has also to be made available to 
a broader community of emergency planers, physicians as well as first 
responders. This fact means to discuss intriguing facts of unimaginable 
and sensitive scenarios in a wider community. Bearing attention to this 
circumstances diverse perceptions and thus precautionary planning 
activities can be observed in different countries around the world. These 
differences in the perceived risks result in different levels of preparation. 
Planning for a dirty bomb scenario implies preparedness to handle both 
conventional injuries due to the explosive device as well as a potential 
contamination of patients and wounds. It is estimated that in case of such 
an event the number of victims will be in the range of 10-50. It has to be 
taken into account that in most countries the medical health system (first 
responders and hospital level) have not been adequately trained to handle 
contaminated persons. The surgical care for patients with incorporated 
radioactive shrapnels moreover remains a challenge. Psychological 
effects for the public pose the most important difficulties. 
In case of a nuclear scenario planning and response has to take into 
account thousands of direct and indirect affected victims, including 
thermal, blast and combined injuries. The latter scenario implies 
preparedness on a total different level as compared to a small scale dirty 
bomb scenario. In a nuclear scenario handling of an indescribably high 
number of victims shifts the perspective from the cure of individual 
patients to a pure mass casualty processing and the respective means and 
tools, such as triage, stockpiling, allocation of scarce resources will turn 
out as the limiting factors. Specific aspects of both scenarios and resulting 
implications for response planning will be addressed. The important role 
of the radiation research community in this context will be discussed. 
 
S30. Biological effects of low doses    
 
S30-01. Biological effects at low doses - European Low Dose Risk 
Research Strategy. Sisko Salomaa, STUK- Radiation and Nuclear 
Safety Authority, Helsinki, Finland 
 
Although much is known about the quantitative effects of exposure to 
ionising radiation, considerable uncertainties and divergent views remain 
about the health effects at low doses. In 2009, the European High Level 
and Expert Group (HLEG) identified key policy questions to be 
addressed by a joint strategic research agenda and initiated the 
establishment of a European Research Platform, called MELODI 
(Multidisciplinary European Low Dose Research Initiative). In 2010, a 
Network of Excellence called DoReMi was launched by the Euratom FP7 
programme. DoReMi will act as an operational tool for the development 
of the MELODI platform during the next six years. The joint programme 
for research focuses on the areas identified by the HLEG as the most 
promising in terms of addressing/resolving the key policy questions, 
namely: the shape of dose response curve for cancer, individual 
susceptibilities and non-cancer effects. Radiation quality, tissue 
sensitivities and internal exposures will be addressed as cross cutting 
themes within the three main research areas. DoReMi defines low doses 
as those of 100 mGy or less and medium doses as 0.1 Gy - 1 Gy for low 
LET radiations. Low and medium dose rates are defined as 0.1 Gy/h or 
less for low LET radiations. For high-LET radiations, dose and dose-rates 
of interest are lower, e.g. for alpha radiation by an order of magnitude.   
The DoReMi Network of Excellence has received funding from the 
European Atomic Energy Community's Seventh Framework Programme 




S30-02. What do we know about the mechanisms of cancer induction 
and how might this affect the shape of the dose-response at low doses. 
Christophe Badie, Health Protection Agency, UK 
 
Cancer is a common disease in human populations, particularly where 
infectious diseases do not contribute significantly to premature 
deaths.  Huge efforts have been made in worldwide research with the 
causes and treatment of cancer.  However we still do not have a 
comprehensive understanding of the mechanisms of cancer 
induction.  Radiation protection depends primarily on epidemiological 
studies of exposed populations to establish health risk 
estimates.  However direct estimates of cancer risk are not available 
below around 100 mSv.  Below this level risks are estimated by linear 
extrapolation from risks at higher doses.  The validity of linear 
extrapolation is supported by biophysical evidence on the linearity of 
radiation damage induction in DNA with dose and knowledge that 
mutations and large scale genetic alterations are associated with cancers. 
Basic cancer research has now led to the development of a more complete 
understanding of the fundamental characteristics of cancer.  This includes 
characteristics of the cancer cells themselves and the tissue environment 
in which they proliferate.  This talk will provide an overview of the 
effects that radiation has on the processes known to contribute to 
carcinogenesis and what is known about relevant dose-response 
relationships. 
 
S30-03. The Risk of Cancer from Low Level Exposure to Radiation – 
the Epidemiological Evidence. Richard Wakeford, Dalton Nuclear 
Institute, The University of Manchester, UK 
 
The great majority of epidemiological evidence for an increased risk of 
cancer following exposure to ionizing radiation comes from studies of 
those exposed acutely to high doses and high dose-rates, such as the 
Japanese survivors of the atomic bombings of Hiroshima and Nagasaki in 
1945.  Risk models based on these studies assume that the excess risk of 
cancer is linear at low doses and low dose-rates, and that there is no 
threshold dose below which an excess risk is absent.  However, the 
radiation-induced risk at low doses (<100 mSv) is small, such that it is 
difficult to definitively detect the predicted excess risk against the 
background noise of statistical fluctuations in the baseline 
rates.  Nonetheless, direct evidence for a radiation-related risk at low 
doses does exist.  Studies of those exposed to medical diagnostic 
radiation have indicated an excess risk following doses of ~10 mGy of X-
rays: breast cancer among those receiving fluoroscopic examinations 
during treatment for tuberculosis or the X-ray examination of scoliosis 
patients, and a raised risk of childhood cancer following obstetric 
radiography.  Studies of paediatric CT scans should show a raised risk of 
childhood leukaemia if our risk models are right.  One of the most 
promising fields of research is the study of nuclear industry workers.  The 
early workers were exposed to levels of radiation that would not be 
acceptable today and many received moderate doses (>100 mSv), but 
accumulated over decades as a series of small doses.  These workers are 
now reaching the end of their lifespan, and so informative data are 
growing, leading to studies with reasonable power to detect health 
effects.  The Third Analysis of the UK National Registry for Radiation 
Workers found statistically significant positive trends with cumulative 
recorded dose for leukaemia and for all cancers other than leukaemia, and 
similar studies in other countries should also provide interesting findings 
of considerable relevance to the low dose risk of cancer. 
 
S30-04. What do we know about the factors underlying individual 
susceptibilities and how large is this variation? Michael Atkinson 
Helmholtz Zentrum München, Germany 
No abstract 
 
S30-05. Molecular epidemiology and low dose risk. Elisabeth Cardis 
CREAL, Barcelona, Spain 
no abstract 
 
S30-06. What do we know about the mechanisms of non-cancer 
effects at low and moderate doses? Jean-Rene Jourdain, IRSN, France 
no abstract 
 
S30-07. Radiation Risk of Cancer and Noncancer Mortality in 
Atomic Bomb Survivors, 1950-2003. KOTARO OZASA, Y. Shimizu, 
A. Suyama, M. Soda, E. J. Grant, R. Sakata, H. Sugiyama, K. Kodama, 
Radiation Effects Research Foundation, Japan 
 
The Radiation Effects Research Foundation has investigated the late 
health effects of the atomic-bomb radiation in the survivors (Life Span 
Study). Exposure to radiation was calculated based on information about 
location and shielding at the time of the bombings that was collected in 
1950s and use the latest version of the dosimetry system, DS02. 
Outcomes include death and cause of death collected through the national 
population registry and death certificates from all areas of Japan. During 
the period 1950-2003, 58% of the 86,611 cohort members who were in 
the cities at the time of the bombing and have a dose estimate have died. 
The risk of all-cause mortality  significantly increased in relation to 
radiation dose. For solid cancers the additive radiation risk (i.e., excess 
cancer cases per 104 person-years per Gy) continues to increase 
throughout life, with a linear dose-response relationship. The sex-
averaged excess relative risk per Gy (ERR/Gy) was 0.42 (95% 
confidence interval (CI): 0.32, 0.53) for all solid cancer at age of 70 years 
after exposure at age 30 based on a linear model. For each decade 
decrease in age at exposure, the risk increased by about 29% (95%CI: 
17%, 41%). The estimated lowest dose range with a significant ERR for 
all solid cancer was 0 to 0.20 Gy and zero dose was the best estimate of 
the threshold. The risk of cancer mortality significantly increased for 
most major sites including stomach, lung, liver, colon, breast, gallbladder, 
esophagus, bladder, and ovary, whereas the rectum, pancreas, uterus, 
prostate, and kidney parenchyma did not have statistically increased risks. 
An increased risk of non-neoplastic diseases including the circulatory 
(ERR/Gy=0.11, 95% CI; 0.05, 0.17), respiratory (0.21, 95% CI: 0.10, 
0.33), and digestive system (0.11, 95% CI: -0.01, 0.24) was observed, but 
whether these are causal relationships requires further investigation. 
There was no evidence of a radiation effect for infectious or external 
causes of death. These findings are consistent with the previous reports 
and provide increased precision in risk estimates. Further study should 
continue to clarify additional aspects, particularly the effects of radiation 
exposure at young ages because 80% those who were exposed at the age 
of 20 years or younger are still alive at the end of period for this analyses. 
 
S31. Dynamics of repair of radiation-induced 
cellular DNA damage in real time   
 
S31-01. Repair mechanisms of DNA strand breaks identified by 
visualizing proteins in human cells. Akira Yasui, IDAC, Tohoku 
University, Japan 
 
DNA repair in living cell requires detection of DNA damage and 
recruitment of DNA repair proteins to the site of the damage in 
chromatin. To understand this process within cell, we have developed 
methods for local production of various types of DNA damage within the 
cell. We produced DNA single-strand breaks (SSB) by UV-irradiation 
through porous filter to human cell expressing UV damage endonuclease 
(UVDE) (1) and by laser micro-irradiation (2). Using these methods we 
have firstly characterized SSB repair process and identified novel 
proteins required for the activation of poly(ADP-ribose) polymerase 
PARP1 (3).  For non-homologous end joining repair (NHEJ) of DNA 
double-strand breaks (DSB), we established a cell line with multiple 
restriction sites to visualize proteins involved in NHEJ at DSB under 
microscope and identified the chromatin-remodeling complex, CHRAC, 
which is required for the accumulation of KU proteins at DSB in a 
damage-induced manner (4). Thus, the visualization of the DNA damage 
response is a powerful tool for reconstituting the repair process within 
cell. Recent progresses in this field will be presented and discussed. 
REFERENCES; (1) Okano S. et al. Mol Cell Biol. 23, 3974-81, 2003 (2) 
Lan L. et al. Proc. Natl. Acad. Sci. USA, 101, 13738-43, 2004 (3) Kanno 
S-I. et al. EMBO J. 26, 2094-2103, 2007 (4) Lan L. et al. Mol Cell, 40, 
976-987, 2010. 
 
S31-02. STUDY OF EARLY DNA DAMAGE RESPONSES AFTER 
CHARGED PARTICLE IRRADIATION BY BEAMLINE 
MICROSCOPY. Burkhard Jakob, GSI Biophysik, Darmstadt, Germany 
 
Approaches to visualise DNA lesion processing substantially contribute 
to the understanding of the DNA damage response organisation. Charged 
particle irradiation has emerged as a tool to generate discrete sites of 
subnuclear damage by means of extremely localised dose deposition, thus 
facilitating the spatiotemporal analysis of repair events. 
We developed a remote controlled beamline microscope capable of 
measuring the very early cellular responses after low energy ion 
irradiation. Recently, we could demonstrate that the device can also 
successfully be used at the high energy branch (1GeV/u) of the 
accelerator mimicking the contribution of particles in cosmic rays. As 
major application, beamline microscopy allows determining the real time 
recruitment kinetics of fluorescently tagged repair proteins after 
irradiation with charged particles. The classification into fast recruited 
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proteins like DNA-PK or XRCC1 or slower ones like 53BP1 in 
combination with molecular dependencies helps to establish the 
hierarchical organisation of damage recognition and subsequent repair 
events. Interestingly, XRCC1 shows similar recruitment constants, but 
significant differences in the retention times for eu- and heterochromatin 
compartments. Complementary to the recruitment of repair proteins we 
started to examine their binding characteristics at the damaged sites in 
relation to the damage density and complexity by FRAP analysis. 
Motional analysis of radiation induced foci provides information about 
the mobility of DSBs. By evaluation of the displacement of GFP-53BP1 
foci in live cells up to 12 hours post-irradiation, we detected a slow 
mobility of damaged chromatin sites both after particle or x-irradiation 
similar to that of undamaged nuclei. Our data indicate that the repair of 
high-LET radiation-induced DSBs in mammalian cells is not coupled to 
an increased motional activity of lesions enhancing the probability of 
translocations. The occasional appearance of cluster formation of 
radiation-induced foci may represent a higher mobility of chromatin 
along the ion trajectory. These observations support the hypothesis that 
spatial proximity of DNA breaks is required for the formation of 
radiation-induced chromosomal exchanges. DSB stability thus might be a 
strategy to prevent cancer formation. 
 
S31-03. Movement of DNA double-strand breaks. Jacob Aten, T. 
Borovski, J. Stap, K. Franken, P. Krawczyk, University of Amsterdam, 
Netherlands 
 
DNA double-strand breaks (DSBs) can efficiently kill cancer cells, but 
they can also produce unwanted chromosome rearrangements (CRs) 
when DNA ends from different DSBs are erroneously joined. Movement 
of DSB-containing chromatin domains might facilitate these DSB 
interactions and promote formation of CRs. We present microscopy data 
on the movement of DSBs produced by X-rays and alpha particles in 
fixed and in living mammalian cells. We will also report on the influence 
of agents that affect higher-order chromatin organization. The results will 
be discussed in the context of the mobility of non-damaged chromatin, on 
a time-scale relevant for DSB repair. 
 
S31-04. Visualization of Spatio-temporal Dynamics of Ionizing 
Radiation Induced Clustered DNA Lesions. Aroumougame 
Asaithamby, D. J. Chen, Molecular Radiation Biology, Department of 
Radiation Oncology, University of Texas Southwestern Medical Center at 
Dallas, USA 
 
Cellular approaches, including indirect immunostaining, in combination 
with in vitro assay systems have significantly improved our 
understanding of induction and repair of different DNA damages in 
response to ionizing radiation (IR); however, some of the challenging 
questions in the study of IR induced DNA damages cannot yet be 
answered. We have established a new approach that allow us to directly 
monitor dynamics of DNA repair factors in response to gamma- and 
high-charge and energy particles irradiation at single cell levels. 53BP1 
fused to yellow fluorescent protein (YFP-53BP1) as a DNA double-
strand break (DSB) surrogate marker let us to follow single DSB from 
induction to repair. Using this approach we found that the DSBs induced 
by very low g-radiation doses (5 mGy) were repaired with efficiency 
similar to repair of DSBs induced at higher doses. Live cell imaging also 
revealed that the YFP-53BP1 foci are dynamic structures: 53BP1 rapidly 
and reversibly interacted at these DSB sites, and the time frame of 
recruitment and affinity of 53BP1 for DSB sites were indistinguishable 
between low and high doses, providing mechanistic evidence for the 
similar DSB repair after low- and high-dose radiation. In addition, using a 
combination of live cell and immunostaining approach, we found that 
high-LET IR induced clustered DNA lesions are refractory to repair and 
it is because of the unique spatial distribution of different types of DNA 
lesions within the clustered damages, but not the physical location of 
these damages within the sub-nuclear domains, determined the cellular 
ability to repair the damage. Further, this approach allowed us to directly 
measure the repair capabilities of cells grown in three-dimensional 
Matrigel culture, and we found that the IR induced DSBs repair is 
significantly attenuated in cells grown in three-dimensional Matrigel 
culture as compared with monolayer cultures. Thus, with this unique 
approach we can not only explore the spatio-temporal dynamics of IR 
induced DNA lesions in cells but also can find answers to some of the 
challenging questions in the study of IR induced DNA damages.  
 
S32. New tools in biological dosimetry    
 
S32-01. The automated micronucleus assay as a reliable 
biodosimetric tool for population triage in large scale radiation 
accidents. Hubert Thierens1, A. Vral1, H. Romm2, U. Oestreicher2, S. 
Barnard3, K. Rothkamm3, E. Ainsbury3, S. Sommer4, C. Beinke5, A. 
Wojcik6, 1: University Ghent, Belgium, 2: Bundesamt für Strahlenschutz, 
Germany, 3: Health Protection Agency, UK, 4: Institute of Nuclear 
Chemistry and Technology, Poland, 5: Institut für Radiobiologie der 
Bundeswehr, Germany, 6: Stockholm University, Sweden 
 
Introduction: Mass casualty scenarios of radiation accidents require high 
troughput techniques of biological dosimetry for population triage to 
identify individuals for whom clinical treatment is indicated. To this end 
the micronucleus assay with automated scoring of micronuclei by 
computerized image analysis is a very suitable technique. Within the 
MULTIBIODOSE EU FP7 project a network of biodosimetry 
laboratories with expertise in automated micronucleus scoring is 
installed. 
Results: Within the network the Metasystems MSearch image analysis 
system is used by all partners for automated scoring of micronuclei. A 
standardized protocol adapted for the automated micronucleus assay was 
set up based on DAPI nuclear staining. Classifier settings for automated 
analysis with the Metafer system were optimized   This protocol with 
classifier settings was applied to blood samples irradiated in vitro and 
distributed by UGhent to all participating laboratories. All partners of 
MULTIBIODOSE performed a completely automated analysis and a 
semi-automated  scoring with off-line inspection of the image gallery of 
binucleated cells containing micronuclei. Preliminary statistical analysis 
of the data points to a satisfactory agreement among the laboratories. To 
obtain relable results in the low dose range (<1 Gy) the semi-automated 
scoring is indicated. To this end reference image galleries with sets of 
binucleated cells are distributed among partners. At the moment common 
dose response curves for acute and protracted total body dose and acute 
partial body exposure are determined.   
Conclusions: The results obtained up to now within the 
MULTIBIODOSE project are very promising for application of the 
automated micronucleus assay as a high throughput technique for 
biodosimetry in large scale accidents by a network of collaborating 
laboratories throughout Europe. 
 
S32-02. MULTIBIODOSE: multi-disciplinary biodosimetric tools to 
manage high scale radiological casualties. Alicja Jaworska1, H. 
Romm2, U. Oestreicher2, H. Thierens3, A. Vral3, K. Rothkamm4, E. 
Ainsbury4, M. Bendertitter5, P. Voisin5, P. Fattibene6, C. Lindholm7, F. 
Barquinero8, S. Sommer9, K. Woda10, H. Scherthan11, C. Beinke11, B. 
Vojnovic12, F. Trompier13, A. Bajinskis14, A. Wojcik14, 1: Norwegian 
Radiation Protection Authority, Norway, 2: BfS, Germany, 3: UGent, 
Belgium, 4: HPA, UK, 5: IRSN, France, 6: ISS, Italy, 7: STUK, Finland, 
8: UAB, Spain, 9: INCT, Poland, 10: HMGU, Germany, 11: UULM, 
Germany, 12: UOXF, UK, 13: EURADOS, 14: SU, Sweden 
 
In the event of a large scale radiological emergency biological dosimetry 
is an essential tool that can provide timely assessment of radiation 
exposure to the general population and enable the identification of those 
exposed people, who should receive immediate medical treatment. A 
number of biodosimetric tools are potentially available, but they must be 
adapted and tested for a large-scale emergency scenario. These methods 
differ in their specificity and sensitivity to radiation, the stability of signal 
and speed of performance. A large scale radiological emergency can take 
different forms. Based on the emergency scenario different biodosimetric 
tools should be applied so that the dosimetric information can be made 
available with optimal speed and precision. 
The aim of this multi-disciplinary collaborative project is to analyse a 
variety of biodosimetric tools and adapt them to different mass casualty 
scenarios. The following biodosimetric tools will be established, 
improved and/or validated: the dicentric assay, the micronucleus assay, 
the gamma-H2AX assay, the skin speckle assay and the blood serum 
protein expression assay. In addition EPR/OSL dosimetry in components 
of pocket electronic devises is investigated. The assays were chosen 
because they complement each other with respect to sensitivity, 
specificity to radiation and the exposure scenario as well as speed of 
performance. 
The project involves the key European players with extensive experience 
in biological dosimetry. Training is carried out and automation and 
commercialisation pursued. An operational guide will be developed and 
disseminated among emergency preparedness and radiation protection 
organisations. 
The final deliverable of this project will be establishment of a 
biodosimetric network that is fully functional and ready to respond in 
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case of a mass casualty situation. Thus, the project will strengthen the 
European security capabilities by achieving tangible results. 
The project is funded by the FP7 Security program. URL: 
http://www.multibiodose.eu. 
 
S32-03. BOOSTER: BiO-dOSimetric Tools for triagE to Responders. 
Mehdi Gmar, CEA LIST, France 
 
The BOOSTER Project addresses the requirement under FP7 Security 
Topic of Bios-dosimetric tools to manage radiological casualties (SEC-
2009-4.3.2). The BOOSTER Project is a capability project designed to 
research and develop new bio-dosimetric tools in order to quickly 
evaluate the level of exposure of potential casualties, determine by 
appropriate sensors its consequences and allow an efficient triage of 
exposed people. These bio-dosimetric tools will be integrated to a useful 
and usable toolbox along with a prognostic toolkit based on radiation 
sensors. These approaches will allow an effective management of the 
situation. At the end of the project, civil protection operators and 
emergency services will be trained and commercial exploitation 
potentialities defined. 
 
S32-04. Towards the validation of gene expression modifications as a 
biodosimeter. Gaetan Gruel, I. NOSEL, A. VAURIJOUX, IRSN, France 
 
A worsening of the accidental hazards linked to the use of ionizing 
radiation is currently being observed for 4 reasons. First, the increasing 
need for radiation sources in numerous industrial applications (food 
sterilization, construction, engineering…) leads to an increasing 
probability of abnormal/unsuitable use, storage or loss of the sources. 
Second, advances in nuclear medicine generate new protocols and tools 
that are more efficient but also much more complex to carry out, and 
increase the risk of accidental overexposure. Third, the possibility of a 
terrorist attack using radiological or nuclear devices has to be taken into 
account. And finally, recent events in Fukushima (Japan) highlight the 
risks of mass exposure in case of nuclear power plant accidents. All these 
issues could lead to the accidental exposure of one to several thousand 
individuals not wearing dosimeters. 
The dicentric assay is the current standard for radiation biodosimetry, but 
several time limitations arise in the particular situation of mass casualties. 
In addition to the time required for the stimulation of cell division, 
manual dicentric scoring take a lot of time. This highlights the need to 
establish new biomarkers and approaches to biodosimetry in order to be 
able to assign the individuals with significant exposure to appropriate 
medical care and to manage the long term medical follow-up. Many 
alternatives have been proposed among which gene expression profiling 
seems particularly promising. For around ten years, microarrays have 
been suggested for the diagnosis of ionizing radiation exposure. 
Technological and methodological advances in genomics have led to the 
potential discovery of many radiation-responsive biomarkers in 
peripheral blood cells. Indeed, changes in gene expressions can be 
induced and detected in peripheral blood lymphocytes with exposure to 
ionizing radiation. Moreover, the gene expression bioassay seems 
sensitive even at low radiation doses. 
However, the use of microarray analysis raises new challenges for both 
experimental and statistical methodologies. We will present an overview 
of the promising use of microarrays in biodosimetry and the associated 
problems. 
 
S32-05. Standardisation of biological dosimetry by cytogenetics: 
status, advantages and limitations. Philippe Voisin*, Institut de 
RadioProtection et Surete Nucleaire, France 
 
The wide use of radioactive sources and X-rays, for medical, industrial, 
agricultural, research and military purpose increases the risk of 
overexposure of workers and population. In addition, the recent 
Fukushima catastrophe reminds us how critical the management of such 
mass casualties is. Biological dosimetry, based on radio-induced 
chromosomal aberrations, mainly dicentrics, has become a routine 
component of the accidental dose assessment. In order to standardize 
biological dosimetry use, several ISO standards were developed by the 
ISO WG18 ―biological dosimetry‖ to address the critical aspects of 
dicentric assay‖. The first publication of 19238 ISO standard in 2004 
provides for expertise, minimum requirement for experimental processes, 
quality assurance and quality control programmes, and evaluation of 
performance. Another 21243 ISO standard published in 2008 was 
intended to define performance criteria for cytogenetic triage. The 
described approaches included pre-planning, reagent stockpiling, 
simplified sample processing, networking, and modification of the ISO 
19238 scoring criteria. Advantages given by these standards are: First, 
their application ensures quality of practice and high confidence level. 
Second, it allows evaluation of results between laboratories, particularly 
for an international collaboration or intercomparison. Finally, each new 
laboratory should get from this standard most useful information to 
perform dicentrics assay in the best experimental and reproducible 
conditions. There is also some limitation. While the quality system is a 
natural way for any R&D activity, the application of such standard is time 
consuming because all the processes must be checked for deviation and 
this checking is required regularly. It is especially true when a specific 
ISO standard is used for supplementing classical accreditation process 
which follows more general 17025:2000 ISO standard. For this purpose, 
the 19238 ISO standard was heavily updated by more detailed description 
of the experimental and statistical steps for satisfying the accreditation 
requirements and this implementation come into force probably next year. 
Another ISO standard is drafting on micronuclei assay in expertise and 
population triage and future project concerns automation in cytogenetics 
dosimetry. 
*And the members of the ISO Working Group 18 on biological dosimetry. 
 
S33. Countermeasures in case of accidental 
radiation exposure    
 
S33-01. Animal models in countermeasures research. Jacky Williams, 
University of Rochester Medical Center, USA 
 
As the awareness of a terrorist threat from a nuclear or radiological event 
has increased in the past few years, a greater focus has been placed on the 
development of countermeasures to both the acute and long-term 
consequences of radiation injury. However, the large numbers of 
researchers who have now found themselves in this field have found that 
they are caught in a minefield of regulations since there is no appropriate 
human population that can be used for basic clinical trials. This has 
placed a greater burden on model development since such models now 
need to demonstrate mechanism of injury as well as countermeasure 
efficacy. In addition, since such agents are being tested in a ―healthy‖ 
population, there is less apparent therapeutic application for such agents 
and, therefore, limited pharmaceutical backing, often a requisite when 
bringing a drug through to clinical use. This talk will discuss some of the 
current models that are being used in ongoing research, as highlighted in 
recent consensus workshops, as well as some of the legal and regulatory 
aspects regarding the use of countermeasures/drugs in patients following 
accidental or terrorist-related radiation injury. 
 
S33-02. Mesenchymal stem cell therapy for treatment of localized 
radiation injuries: the minipig model. Michel Drouet1, F. Fabien1, R. 
Diane1, S. Harry2, M. Viktor2, A. Diane1, 1: IRBA-CRSSA, France 2: 
Bundeswehr Institute of Radiobiology, Germany 
  
Cutaneous radiation syndrome (CRS) is the delayed consequence of 
localized skin exposure to high doses of ionizing radiation (IR). New 
therapeutic management of IR–burned patients has suggested the benefit 
of local cellular therapy using mesenchymal stem cell injections in favour 
of wound healing and pain control. Here we examined in a large animal 
model the therapeutic potential of adipose tissue-derived stem cells 
(ASCs) to prevent or cure CRS. 
Göttingen minipigs were locally irradiated using a 60Co gamma source at 
the dose of 50 Gy and grafted with autologous ASCs (n=5) or PBS 
injected (n=8). Multipotent adult stem cells were cultured in MEMa with 
10% fetal calf serum and basic fibroblast growth factor (2ng.mL-1) and 
then were intradermally injected four times from days 25 to 135 
(50x106 each time). All controls exhibited a clinical evolution similar to 
human after a latency phase of several weeks: early erythema, hair loss, 
dry and moist desquamation, leading to final necrosis. Immunohistology 
revealed severe skin damages and rhabdomyolysis in the muscle tissue 
below the entry area. In ASC-grafted minipigs, the cleaning of the 
damaged epidermis appeared earlier than in non-grafted animals and an 
ultimate wound healing was observed in four out of five animals 
(day 130 ±28, complete in two of them). A final strong hyperproliferative 
activity was even observed in one case leading to surnumerous cell layers 
in the entry area. Q-dot labelling confirmed that grafted ASCs 
accumulated at the dermis/subcutis barrier in which they attracted 
numerous immune cells which resulted in transient pro-angiogenic 
activity. Globally this study suggests that local injection of ASCs may 
represent useful tools to be incorporated in therapeutic strategies to 
mitigate CRS. 
 
S33-03. Studies on hematopoietic protection and immunity 
adjustment in combined radiation-thermal injury. Xin-ze Ran, C. Shi, 
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T. Cheng, Y. Su, Institute of Combined Injury, State Key Laboratory of 
Trauma, Burns and Combined Injury, College of Military Preventive 
Medicine, Third Military Medical University, China 
 
Background and Purpose: Combined radiation-thermal injury (CRTI) 
mainly occurs under the circumstances of nuclear explosion, nuclear 
accident, depleted uranium or nuclear terrorism attacks. This article 
discusses several key points in CRTI management, including 
hematopoietic protection and reconstruction, infection control and 
immune adjustment. 
Materials and Methods: Acute radiation sicknesses were created by γ-ray 
irradiation on rats, mice, and dogs with a 60Co source. TBSA (total body 
surface area) third-degree thermal injury (confirmed by pathology) were 
inflicted on the back of aminals either by bromotungsten lamp irradiation 
on rats and dogs or by napalm (3%) thermal injury for 7 seconds in mice 
under the anesthetized conditions. Combined injury was established by 
the combination of the above two simple injuries. 
Main results:  We have developed effective therapies targeting the 
different key features of CRTI specitively. After CRTI, recombinant 
human interleukin-4（rhIL-4）treatment could remarkably reduce the 
quantity of bacterial translocation, increase SIgA (secretory 
Immunoglobulin A) content in mucus membrane and the number of 
plasma cells that excrete IgA in intrinsic layer of the intestine in 
comparasion to single thermal injury or radiation injury. Chitosan 
wrapped pVlTR03-HD5 (Human recombinant phylaxin)-
GLP2(Glucagons peptide 2) nanoparticles could increase the average 
survival time of animals inflicted with whole body irradiation (10Gy) 
combined with 15% third-degree thermal injury. After treatment by 
cervial sympathetic ganglia block (SB), number of peripheral blood 
leucocytes, erythrocytes and blood platelets increased remarkably, levels 
of serum inflammatory cell factors TNF-α, IL-1β and IL-6 declined, thus 
making death rate of animal 30 d after thermal injury lowered by 40％. If 
excision of eschar and auto-skin grafting were adopted, spontaneous 
endosmosis rate of animal thymocyte, amount of formed reflection, 
declining degree of thymocytes and spleen cells would be less than that in 
control group, and time of recovery would start earlier. It was found that 
both interleukin-3 (IL-3) and reconstructed granulocyte-monoclonal 
colony stimulating factor (rhGM-CSF) have good effect on the recovery 
of hematopoietic function caused by combined radiation- thermal injury. 
The blood serum and peritoneal lavage fluid from rats with thermal injury 
and CRTI had shown stimulating effects on the proliferation of bone 
marrow CFU-E, BFU-E and CFU-GM colonies in vitro. 
Conclusion: The pathogenesis of CRTI is extremely complicated and the 
treatment is very difficult. The management strategy for combined injury 
should refer to the successful experiences learned from single injury and 
develop comprehensive therapies. The key features include protection 
and reconstruction of haematogenesis, infection control and immunity 
modulation, and improvement of enteric epithelium repair. This study 
was supported by the National Key Basic Research and Development 
Plan of China (―973‖ Project, No.2005CB522605), the National Natural 
Science Foundation of China (No.30770642) and the Key Scientific 
Reasearch Project of ―Eleventh Five-Year Plan‖ of PLA (No.06G076). 
 
S33-04. The somatostatin analog, SOM 230, is a highly effective 
mitigator of intestinal radiation injury. Martin Hauer-Jensen, 
University of Arkansas for Medical Sciences, Little Rock, USA  
 
Development of effective non-toxic medical countermeasures for use in 
radiological and nuclear emergency situations is urgently needed. While 
some progress has been made in the post-exposure management of 
radiation-induced bone marrow injury, the management of GI radiation 
toxicity remains symptomatic and underdeveloped.  
The novel somatostatin analog, SOM230, can substantially reduce 
lethality, structural bowel injury, post-radiation mucosal permeability, 
and bacterial translocation in mice exposed to total body irradiation. The 
mechanism by which SOM230 mitigates radiation injury is related to 
inhibition of exocrine pancreatic secretion, but may also involve 
interleukin 12 and CXCL-4. Remarkably, SOM230 retains its potent 
lethality-protecting properties even when administration begins 48+ hours 
after TBI, a realistic time-frame in a mass casualty situation.  Thus, 
SOM230 is an effective radiation mitigator, providing an opportunity to 
protect/restore the gut mucosa long after the initial damage has occurred. 
Because of its low toxicity and ease of administration, SOM230 is 
uniquely suited as an enteroprotective agent in first responders, rescue 
workers, and cleanup workers in radiation accidents or terrorism 
situations; in military operations in radiation-contaminated fields; as well 
as in the post-irradiation mass exposure mitigation setting. 
 
S34. Stem cells and regenerative medicine 
for the treatment of radiotherapy side effects 
 
S34-01. Stem cell sparing radiotherapy: a novel approach to the 
prevention of radiation-induced xerostomia. Peter van Luijk1, R. 
Coppes2, 1: Dept. Radiation Oncology, University Medical Center 
Groningen, University of Groningen, Netherlands 2: Section of Radiation 
and Stress Cell Biology, department of Cell Biology, University Medical 
Center Groningen, University of Groningen, Netherlands  
 
Many factors play a role in the response of tissues to irradiation, but 
ultimately the ability of stem cells to reconstitute functional cells 
determines the onset and the severity of radiation side-effects. Dry mouth 
syndrome resulting from radiation-induced salivary dysfunction is a 
major problem. To determine the role of stem cells and their localization 
within the salivary gland in the response to radiation, we performed a 
number of studies in mice, rats and patients. 
First we showed that transplantation of cells that express stem cell 
markers and show stem cell properties can rescue salivary gland function 
in mice. This indicates that the salivary gland stem cell is a target for 
salivary dysfunction after irradiation and opens new opportunities for the 
prevention of salivary dysfunction by stem cell treatment. 
Subsequently in the mouse, rat and human parotid gland we determined 
the distribution of cells expressing the stem cell marker c-kit and found 
that these cells were located in exclusively in ducts. More intense c-kit 
expression in larger ducts suggested that these cells are predominantly 
located in the major ducts. To test this, the rat parotid gland was split in a 
central part containing the major ducts and the outer parts, dispersed and 
cultured as stem cell containing salispheres. Indeed significantly more 
spheres could be grown from the central than from the outer parts of the 
gland, suggestive of a higher number of more stem cells in the center of 
the parotid gland. High-precision proton irradiation of this central part in 
vivo indeed resulted in excessive reduction of saliva production. In 
contrast minimal effects were observed after irradiating of the other parts 
of the gland. 
Excitingly, in 36 patients treated in the British Columbia Cancer Agency, 
dose to the cranio-ventral extension of the gland containing the major 
ducts was most predictive of saliva production 1 year after radiotherapy. 
In conclusion, the response of the parotid gland to radiation critically 
depends on the dose to its stem cells, located predominantly in the major 
ducts. These findings indicate new opportunities to prevent radiotherapy-
induced salivary dysfunction by e.g. specific avoidance of the region 
containing the glands or transplantation of salivary gland stem cells. 
 
S34-02. Cognitive restoration after cytotoxic cancer treatments. 
Charles L. Limoli, M. M. Acharya, L. Christie, V. K. Parihar, Department 
of Radiation Oncology, University of California, USA 
 
Systemic chemotherapy and cranial radiotherapy are routinely used to 
control the growth of primary and metastatic lesions throughout the body. 
While beneficial, these cytotoxic treatments often lead to cognitive 
decrements that adversely impact the quality of life of millions of cancer 
survivors.  The unintended consequences of cancer treatments on 
cognition can in part, be caused by the inhibition of 
neurogenesis.   Radiation and chemotherapy-induced reductions in 
neurogenesis are likely due to the depletion of neural stem cells, and in 
conjunction with elevated oxidative stress and inflammation contribute to 
disrupt the CNS microenvironment having lasting effects on a variety of 
cognitive endpoints.  While pharmacologic and genetic approaches have 
been used to combat radiation- and chemotherapy-induced cognitive 
sequelae, none to date provide satisfactory long-term solutions for these 
debilitating and progressive neurodegenerative conditions. 
To address these long-standing clinical problems, we have explored the 
use of stem cells as therapeutic agents to combat radiation-induced 
cognitive decline.  Athymic rats subjected to cranial irradiation were 
transplanted with human embryonic (hESC) or neural stem cells (hNSCs) 
to determine if they could provide some remediation of the adverse 
effects of cranial irradiation.  Results show that after acute, whole-brain 
irradiation (10 Gy) animals transplanted with stem cells showed 
significant improvements in cognitive function 1 and 4-months after 
irradiation, compared to irradiated animals not engrafted with stem 
cells.  At each post-irradiation time point, significant survival and 
differentiation along CNS lineages was found, suggesting that cognitive 
improvement was in part, dependent on the presence of engrafted 
cells.  These data demonstrate that stem cells have the potential to afford 
long-term protection from the adverse consequences of cranial irradiation 
on cognition, and additional evidence will be presented showing that such 




S34-03. Hepatocyte transplantation ameliorates radiation induced 
liver damage. Chandan Guha, Montefiore Medical Center, Albert 
Einstein College of Medicine, Bronx, NY, USA 
 
Purpose: Radiation therapy (RT) is ineffective in the treatment of 
abdominal malignancies because of potential lethal injury to internal 
organs, such as, liver, kidney and intestine. Although bone marrow 
transplantation has been used to rescue marrow failure post-chemo/RT, 
cell therapy has never been used to salvage toxicities of solid organs. We 
developed a rodent model of liver failure, following treatment of F344 
rats with partial hepatectomy (PH) and whole liver RT. In this model, 
hepatic irradiation inhibited liver regeneration and induced liver 
sinusoidal endothelial cell (LSEC) death, perivenous hepatocellular 
steatosis and atrophy and mortality from radiation-induced liver disease 
(RILD). We hypothesized that loss of irradiated LSEC and hepatocytes 
could be replaced by intraportal/intrasplenic transplantation of autologous 
or allogeneic LSEC and hepatocytes, resulting in engraftment and 
selective repopulation of the donor cells, thereby providing metabolic 
support and ameliorating RILD. 
Experimental procedure: Dipeptidyl peptidase IV (DPPIV)-deficient, 
F344 rats and C57Bl/6 mice were administered HIR (0, 5, 10, 15, 30 and 
50 Gy) with or without 68% PH (simulating liver resection in liver cancer 
patients). One to seven days after HIR, 1-5 x 106 DPPIV-proficient 
hepatocytes or LSEC were transplanted via intrasplenic or intraportal 
injection. Animals were observed for survival and representative animals 
were sacrificed for histopathological evaluation at various time points. 
DPPIV histochemistry was performed to identify and evaluate donor cell 
engraftment and repopulation. Blood was collected for liver function test.  
Results: Animals receiving PH+RT exhibited pericentral steatosis and 
perivenous hepatocellular death without any central vein occlusion within 
6 weeks. There was 60-70% mortality in these animals by 8 weeks. In 
contrast, animals receiving PH+RT+ Hepatocyte transplantation (HT), 
had a significant improvement of survival with amelioration of the 
histopathological manifestations of RILD. Cell transplantation 
ameliorated the extensive bile duct proliferation and ductular fibrosis that 
were noted 12-16 weeks after PH+RT. Compared to unirradiated 
controls, HIR augmented the engraftment of transplanted LSEC and 
hepatocytes (p<0.01) with progressive repopulation of the irradiated 
anterior liver lobes by transplanted LSEC and hepatocytes. There was 
near-total  (80-95%) replacement of the irradiated host parenchyma and 
the endothelium by the donor cells within 2 - 6 months. In animals 
receiving cell transplantation, liver function was normal and liver 
histopathology showed no evidence of RILD. 
Conclusion: Transplantation of hepatocytes and LSEC can ameliorate 
RILD in rodents and mouse. This raises the possibility of salvage cell 
transplantation therapy to rescue liver function in liver cancer patients 
treated with high dose chemoradiation therapy. 
 
S34-04. Mesenchymal stem cell ameliorates severe radiation pelvic 
disease: clinical transfer. Alain Chapel, Institut de Radioprotection et de 
Sûreté Nucléaire, France 
No abstract 
 
S34-05. Bone regeneration and engineering in irradiated fields. 
Olivier Malard1, F. Jégoux2, P. Weiss 3, 1: 1 National Institute for Health 
and Medical Research, INSERM Unit 791, Centre for Osteoarticular and 
Dental Tissue Engineering (LIOAD), Nantes University Hospital, 
Department of Head and Neck Surgery , France 2: National Institute for 
Health and Medical Research, INSERM Unit 791, Centre for 
Osteoarticular and Dental Tissue Engineering (LIOAD), Rennes 
University Hospital, Department of Head and Neck Surgery 3: Rennes 
University Hospital, Department of Head and Neck Surgery, France 
 
Introduction. Head and neck cancers are the fourth cancer in the world 
and its mortality rate is near 50%. The locations most frequently involve 
the oral cavity.  These cancers are treated in most cases by a combination 
of radiation and surgery. Mandible bone and dento-skeletal consequences 
affect orofacial function (swallowing, eating, talking), and provide 
aesthetic, psychological features that significantly distress the quality of 
life of these patients. 
Experimental research for irradiated bone reconstruction. Two thirds of 
these tumors are diagnosed at an advanced stage III or IV with local 
involvement to the mandible. Surgical excision requires segmental 
resection of the mandible. Post-surgical rehabilitation is challenging, 
partly due to radiation induced healing difficulties impeding surgical 
reconstruction. Moreover, mandibular post-radiation osteoradionecrosis 
can occur as a life-threatening complication. Heavy surgical process, 
i.e.,free bone flaps, used for post-operative reconstruction are not always 
achievable, due to poor vessels quality or poor patient general status. 
After conducting several studies to reach a reproducible animal model of 
irradiated bone, we studied the behaviour of conventional synthetic bone 
substitutes (calcium-phosphate ceramics biomaterial) in irradiated bone 
implantations. Real effectiveness was gradually demonstrated when using 
the combination of biphasic calcium phosphates and total bone marrow. 
The addition of different osteogenic medium cultured induced 
mesenchymal stem cells (MSC) replacing or associated to bone marrow 
has also been widely evaluated in different studies. The MSC association 
always provided pore outcomes compared to total bone marrow in 
irradiated areas.  
As part of a Phase I clinical study, 10 patients with osteoradionecrosis are 
currently being treated by the association of MBCP granules with 
complete autologous marrow. The results of the primary and clinical 
studies are presented. 
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S34-06. Regenerative medicine based on stem cell injection for 
radiation burn treatment. Radia Tamarat, Institut de Radioprotection et 
de Sûreté Nucléaire, France  
No abstract 
 
S34-07. Fat grafting after mastectomy and radiotherapy. Marco 
Klinger1, F. Caviggioli, D. Forcellini, V. Vinci, L. Maione, 1: Università 
degli Studi di Milano, IRCCS Istituto Clinico Humanitas , Italy 
  
Mastectomy with axillary dissection and radiotherapy is still today one 
common procedures in oncologic surgery. During the years, many 
different surgical and conservative technique have been proposed for 
post-radiotherapy scar treatment. Fat grafting is today used for aesthetic 
and functional surgery, to treat burns‘ scars, post-traumatic scars or to 
correct post-surgical scars. The adipose tissue  harvested and processed 
with Coleman‘s technique is injected by sharp, 0,1-0,2mm cannulas at the 
dermal-hypodermal junction of post-radiotherapy scar areas. After 3-6 
months follow-up, clinical and hystological features show a skin quality 
and thickness improvement; moreover lipofilling decreases pain and 
functional impediment. Unfortunately a condition of neuropathic pain, 
named Post-Mastectomy Pain Syndrome (PMPS) can appear after 
mastectomy and radiotherapy. Fat grafting can improve pain control in 
this group of patients. It  is a safe, low-invasive and rapid surgical 
procedure. Our results suggest its effectiveness for therapeutical approach 
of PMPS and radiodamaged tissues. 
 
 
S35. Radiation research and nuclear power    
 
S35-01. Radiation chemistry effects on nuclear solvent extraction: 
Examples from CMPO radiolysis. Bruce Mincher1, B. J. Mincher1, S. P. 
Mezyk2, G. Elias1, G. S. Groenewold1, 1: Idaho National Laboratory, 
USA 2: California State University Long Beach, USA 
 
Aqueous reprocessing of used nuclear fuel begins with its dissolution in 
nitric acid followed by the solvent extraction of desired metals. Solvent 
extraction formulations must be robust toward radiolytic degradation in 
an irradiated mixed organic/acidic aqueous environment. In the USA, the 
compound octylphenyldiisobutylcarbamoylmethylphosphine oxide 
(CMPO) has long been proposed for the extraction of the trivalent 
actinides. A mechanistic understanding of the radiation chemistry of this 
ligand requires the use of pulse radiolysis to identify the pertinent 
transient reactive species, and steady state radiolysis combined with 
analytical chemistry to identify ultimate products.  Common scavenging 
reactions can be invoked to limit the suite of radicals produced to the 
most important ones as •OH, •H and •NO3. Since the extraction process is 
biphasic, organic phase radical reactions must also be considered. 
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We have developed pulse radiolysis techniques for the production and 
measurement of •NO3 radical kinetics in both the aqueous and organic 
phases. The bimolecular rate constant for the reaction of the •NO3 radical 
with CMPO was (9.33 ± 0.59) x 107 M-1 s-1 in t-butanol, slower than in 
water (1.28 ± 0.13) x 108 M-1 s-1. However, the same trend was not seen 
for the diamidic actinide extraction ligand dimethyl dioctyl 
hexylethoxymalonamide (DMDOHEMA). Moreover, model compound 
measurements showed that aliphatic species reacted faster in the organic 
phase, but compounds containing aromatic rings all reacted more slowly. 
The radiation chemistry of CMPO has also been investigated using steady 
state radiolysis by g and a sources. A G-value of -0.14 mmol J-1 was 
found for irradiations of 0.1 M CMPO in dodecane, in the absence of the 
acidic aqueous phase. This was constant across a range of g-dose rates, 
and also for a irradiation using a 5 MeV He-ion beam. Electrospray 
ionization-mass spectrometry (ESI-MS) techniques were also developed 
for the detection of the stable products of these g and He-ion beam 
irradiated samples. 
 
S35-02. CHEMISTRY FOR THE NUCLEAR ENERGY OF THE 
FUTURE. Andrzej G. Chmielewski, Institute of Nuclear Chemistry and 
Technology & Warsaw University of Technology, Poland 
 
Chemistry – radiochemistry, radiation chemistry and nuclear chemical 
engineering play a very important role in the nuclear power development. 
Even presently offered technology is well developed still several 
improvements are needed and proposed. These developments concern all 
stages of the technology; front end, reactor operation (coolant chemistry 
and installation components decontamination, noble gas release control), 
back end of fuel cycle, etc. Chemistry for a partitioning and a 
transmutation is a new challenge for the chemists and chemical engineers. 
The IV generation of the nuclear reactors cannot be developed without 
chemical solutions for fuel fabrication, radiation -   coolants interaction 
phenomena understanding and spent fuel/waste treatment technologies 
elaboration. Radiochemical analytical methods are fundamental for 
radioecological monitoring of radioisotopes of natural 
and   anthropological origin. This paper addresses just a few subjects and 
is not detailed overview of the field; however illustrate a role of 
chemistry for a safe and economical nuclear power development. This 
year being so important anniversary of the science development 
breakthrough is also a year of the terrible disaster in Japan devastated by 
earthquake and tsunami, Fukushima Nuclear Power Plant was seriously 
damaged but survived this apocalypses, however the sequence of the 
accident has illustrated importance of radiation- and radio- chemistry on 
the safe operation and shut down of nuclear reactor and decontamination 
of wastes originated. 
 
S35-03. Radiation-Induced Aqueous Chemistry and Corrosion in 
Nuclear Reactor Environments. Jungsook Wren, the University of 
Western Ontatio, Canada 
 
Understanding the factors that can affect the corrosion of reactor 
materials is important for the design, operation and maintenance of 
nuclear power reactors.  Water radiolysis generates both oxidizing and 
reducing species whose net interactions with the alloys used in reactor 
construction are not well characterized.  Corrosion products (crud) are a 
mixture of solid oxides formed by a variety of wear and 
dissolution/precipitation processes.  They are a particular problem in 
nuclear plants where neutron activation of material passing through the 
reactor core can generate hazardous radionuclides.   
To develop a fundamental understanding of impact of radiation on 
aqueous chemistry and consequent materials degradation, we are carrying 
out studies in three main areas:  (1) water radiolysis kinetics under 
continuous, long-term irradiation conditions, with dissolved species 
present including corrosion product metal ions (iron, nickel, cobalt, 
chromium) and nitrogen-containing species (from nitrate/nitrite to 
ammonia), (2) radiation-induced corrosion of reactor materials (carbon 
steel, stainless steel, Stellites) with the purpose of developing a corrosion 
kinetics model, and (3) radiation-induced colloid formation from 
dissolved metal ions, and the impact of this process on the net solubility 
and transport of the metal ions.  An integrated, multi-disciplinary 
approach is taken that combines experimental investigation of both 
integrated and separate effects tests with extensive combined chemical 
kinetics, interfacial and mass transport model analysis.  We employ a 
range of experimental techniques to follow the aqueous chemistry, 
electrochemical measurements to measure the corrosion kinetics, and 
sophisticated in-situ and ex-situ analyses of metal/metal oxide surfaces 
that are studied.  Key findings from our work illustrates the important 
impact that long-term radiolysis has on reactor coolant chemistry and 
materials performance will be presented. 
 
S35-04. Modelling and simulation for controlling chemistry in 
advanced nuclear energy systems. Dorota Swiatla-Wojcik, Technical 
University of Lodz, Poland 
 
Stability, safety and efficiency of nuclear energy systems considerably 
depend on our knowledge of the mechanisms governing degradation of 
materials. Novel designs and development of new materials require 
understanding of radiation-induced chemical effects in nuclear fuel, 
coolant, and at solid/liquid interfaces. In water-cooled reactors the 
coolant passing through the core is exposed to a mixed flux of fast 
neutrons, gamma rays, and alpha particles. Irradiation of liquid water 
initially results in formation of short-living dry and hydrated electrons, H 
atoms, OH, HO2 radicals, H
+ and OH- ions and stable molecular species 
H2O2 and H2. Consecutive reactions of radical, ionic and molecular 
species, including water molecules, constitute a set of more than 40 
reactions describing the radiolysis of water. As a result of these reactions 
transient species decay with production of reactive H2O2 and O2. Strong 
oxidants formed in the water coolant are responsible for corrosion and 
degradation of reactor constructive elements and materials of associated 
pipe systems. Challenging for the future nuclear energy systems is to 
control chemistry of the systems exposed to high radiation and high 
temperature fields. Modelling closely integrated with measurements 
provide qualitative and quantitative insights into the radiation-induced 
chemistry at different time scales. Survey of recent computational studies 
concerning the coolant chemistry is presented for a wide range of 
conditions of temperature, LET and pH. Addition of H2 to minimize the 
formation of corrosive species and uncertainties resulting from guess 
estimates of the radiation chemical yields and rate constants employed in 
a simulation of the coolant behavior are critically analysed. Prediction of 
chemical reactivity and transport of destructive agents requires 
fundamental understanding of the solvent properties under extreme 
conditions of high temperature and high pressure. New insight into the 
radiolysis of aqueous solutions arising from the latest molecular 
dynamics simulations of water and the hydrated OH radical is discussed 
up to the supercritical conditions.  
 
Conference lectures CL13 - CL18    
 
CL13. Systems biology - where are we and where can we go? Mary 
Helen Barcellos-Hoff, New York University School of Medicine, USA 
 
A major challenge in radiation biology is to understand how cellular 
responses to radiation are integrated in a multicellular context.  Systems 
biology addresses problems of organization and tackles phenomena not 
resolvable into local events by using multiscale data to build descriptive 
and mechanistic biological models. A multiscale view is a long standing 
tradition in radiation biology: the three ‗R‘s‘ of radiobiology, repair, 
repopulation and re-oxygenation, describe how cellular, tissue and 
organismal radiation responses contribute to efficacy of radiotherapy. 
Key differences between systems biology and prevailing analytical 
paradigms is the emphasis on networks versus components, distributed 
versus hierarchical consequences, and redundancy versus 
uniqueness.  Just as DNA damage elicits a dramatic transition in signaling 
within a cell, irradiated cells activate specific networks, distinct from 
those of the unirradiated cells.  Thus, the tissue response to damage is the 
integration of different cell types generating dynamic, multicellular 
networks that are coordinated by endocrine, autocrine and paracrine 
signals.  Recent studies will be used to illustrate systems biology 
approaches to network analysis, cellular responses and tissue effects 
following radiation that restore homeostasis or initiate pathology.  
 
CL14. Particle therapy: from the laboratory to the clinic. Marco 
Durante, GSI, Germany 
 
Radiotherapy is one of the most common and effective therapy for 
cancer. Generally, patients are treated with X-rays produced at electron 
accelerators. The use of high-energy charged particles was proposed 
several years ago, both for their physical and radiobiological advantages 
compared to X-rays. Particle therapy is now becoming an emerging 
technique in radiotherapy. Protons and carbon ions have been used for 
treating many different solid cancers, and several new centers with large 
accelerators are under constructions. However, there is currently an open 
debate on the cost/benefit ratio of this technique. The Biophysics group at 
GSI had in the past years an intense activity in the 12C-ion therapy pilot 
project. The treatment of tumours at the base of the skull and brain was 
extremely successfully, using the technique of raster scanning. The 
therapy project paved the way to ion therapy in Europe, leading to the 
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construction and planning of several clinical accelerator facilities. 
However, several research issues are still open in this field, for instance: 
predicting RBE of different particles in the tumours and in the normal 
tissue; treatment of moving targets; impact of genetic background on 
sensitivity; effects on angiogenesis and metastatic potential; fractionation; 
hypoxia. This talk identifies the open research questions and shows some 
recent data recently obtained in some of these fields. 
 
CL15. Radiation chemistry and technology of polymers: recent 
advances. Piotr Ulanski, Technical University of Lodz, Poland 
 
Polymer processing is one of the fields of radiation chemistry that 
reached the stage of commercial application (cable and tire industries, 
sterilization of medical products). Definitely, these technologies will be 
further developed and improved. In this talk an attempt will be made to 
identify several fields of activity related to radiation chemistry of 
polymers, where current progress allows to expect new applications in 
research and technology. 
While so far irradiation was perceived as a rather ―rough‖, non-selective 
tool for initializing polymerization and grafting, this is changing now 
with the advent of radiation-induced reversible addition-fragmentation 
chain transfer (RAFT) polymerization,1 which should allow synthesizing 
polymers of precisely controlled properties. Processing of natural 
polymers is expected to gain momentum after discoveries on radiation 
cross-linking of polysaccharides.2 Similarly, radiation cross-linking of 
PTFE should yield materials combining excellent chemical resistance and 
mechanical properties.3,4 Progress is expected also in the field of 
polymeric biomaterials, where some radiation technologies have been 
already commercialized (hip joints,5 hydrogel would dressings6 and many 
more are being elaborated. 
Radiation chemistry can also offer some help in solving problems related 
to basic studies in general polymer chemistry. In this talk some directions 
of radiation-related studies will be indicated which may lead to 
significant progress in determining rate constants of elementary reaction 
steps,7,8 studying propagation-depropagation equilibria and intramolecular 
reactions. 
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CL16. Genomics and the therapeutic response. Catharine West, 
University of Manchester, UK 
 
Genetic variation is commonly reported as single nucleotide 
polymorphisms (SNPs). The ~10 million SNPs in the human genome 
underlie differences in inherited traits between individuals and 
populations. Given the evidence that radiosensitivity is an inherited 
phenotype, SNPs are likely to explain much of the variation in 
radiosensitivity between individuals. Therefore, an increasing number of 
studies have looked at SNPs in candidate genes to try and predict a 
patient‘s likelihood of developing toxicity following radiotherapy. Most 
studies have failed to replicate. The ability to detect genuine SNPs 
associated with radiosensitivity/radiotherapy toxicity is related to the 
effect of individual SNPs (for most extremely small) and the frequency of 
the less common/minor allele. Common SNPs with large effect sizes 
could be found with a small number of cases but knowledge from studies 
of other traits and diseases suggest they are unlikely to occur. Individuals 
SNPs appear to confer only very small effects/risks. Genome wide 
association studies (GWAS) are now widespread for other traits and are 
finding confirmed variants. The results of the first GWAS in 
radiogenomics were published in 2010. The establishment of a 
Radiogenomics Consortium in 2009 should provide a route for carrying 
out replication and larger studies. A consortium approach is essential for 
radiogenomics because of the large number of cases – many thousands – 
that must be studied. The challenges in the area are not only to collect 
thousands of samples from a range of populations but also to gather for 
each patient data on possible non-genetic risk factors (e.g. age, smoking 
history, radiation dose, radiation volume, co-morbid conditions) and 
radiotherapy toxicity. 
 
CL17. Radiation-induced DNA damage in mammalian cells - novel 
types of lesions. Jean-Luc Ravanat, CEA Grenoble, France 
 
Reactions of reactive oxygen species, and among them the highly 
genotoxic hydroxyl radical (HO•), with DNA constituents have been 
extensively studied during the last three decades. An almost complete 
radiation-induced decomposition pathway of the different DNA 
constituents is now available. In addition, the development of highly 
sensitive and specific analytical tools, such as HPLC coupled through 
electrospray ionisation to tandem mass spectrometry has allowed the 
detection of the identified DNA lesions in dsDNA, subsequently to DNA 
hydrolysis, and sometime at the cellular level following DNA extraction. 
Recent results have highlighted the importance of the formation of 
complex DNA lesions. Formation of such damage is initiated by a single 
ionisation event generating so-called tandem lesions constituted of two 
(at least) adjacent modifications.  Indeed, a complex DNA lesion 
consisting in a strand break, together with an interstrand crosslink has 
been identified and its formation involves as the initial event HO•-
mediated hydrogen abstraction at C4‘ of the deoxyribose moiety. 
Through a complex cascade of events the generated C4‘ radical gives rise 
to a conjugated aldehyde that reacts with a cytosine base located onto the 
complementary strand. 
In addition, it has been shown recently that most of HO•-mediated DNA 
oxidation generates a significant (50%) of 8-oxo-7,8-dihydro-2‘-
deoxyguanosine (8-oxodGuo) containing tandem lesions. Importance of 
such tandem lesions is due to the role played by peroxide radicals that 
could react with adjacent DNA bases. 
Indirectly such observations indicate that decomposition of initially 
produced base (or sugar) radicals may be influenced by their local 
environment, and thus, the decomposition reactions observed at the 
nucleoside level may be different, at least partly, in comparison to those 
in dsDNA. Tandem DNA lesions being partly refractory to repair by 
DNA glycosylases, the biological consequences of such damage should 
be evaluated and this will require additional investigations. 
 
CL18. Radiation-induced dissolution of spent nuclear fuel. Mats 
Jonsson, KTH Chemical Science and Engineering, Nuclear Chemistry, 
Royal Institute of Technology, Stockholm, Sweden 
 
One of the key issues in the safety assessment of a future geological 
repository for spent nuclear fuel is the rate of fuel dissolution in the event 
of groundwater intrusion. This is believed to be governed by the 
dissolution of the fuel matrix, UO2. Under normal groundwater conditions 
at the depth of a deep repository, the solubility of UO2 is very low and the 
fuel matrix is assumed to act as a barrier. However, the inherent 
radioactivity of the fuel itself will cause radiolysis of the groundwater (in 
the event of canister failure) producing highly reactive radicals and 
molecular species. These species will alter the conditions significantly. 
The mechanism and kinetics of oxidative dissolution of UO2 have been 
studied in detail for several decades. The rate of oxidative dissolution 
depends on the dose rate which is directly related to the specific activity 
of the spent nuclear fuel. On the basis of experimental findings and 
numerical simulations, a relatively simple model describing the rate of 
spent nuclear fuel dissolution under various conditions has been 
presented. 
In recent years, it has become obvious that the solid phase structure and 
composition (depending on fuel burn-up) have very strong influence on 
the reactivity of the fuel surface towards aqueous radiolysis products. For 
simple UO2 powder H2O2 mainly reacts by oxidation of UO2 while for 
more complex pellet materials where UO2 is doped with rare earth oxides 
(a model for fission products) H2O2 mainly reacts by surface catalyzed 
decomposition not leading to oxidation of UO2. 
During the last decade, the inhibiting effect of H2 on radiation induced 
dissolution of spent nuclear fuel has been extensively studied and 
discussed. The discrepancies between different experimental studies and 
numerical simulations have caused significant confusion. The inhibition 
can partly be explained by a noble metal catalyzed redox process and 
partly in terms of homogeneous aqueous radiation chemistry. 
These issues will be discussed in detail in the presentation. 
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POS01-01. Effects of ionizing radiation on bacteria cells. Nadezhda 
Kudryasheva1, M. Alexandrova2, T. Rozhko2, 1: Inst of Biophysics SB 
RAS, Russian Federation, 2: Siberian Federal University, Russian 
Federation 
 
Marine luminous bacteria serve as a convenient model for studing 
effects of ionizing radiation on living organism. These bacteria are 
widely used as ecological bioassay for more than forty years. The 
bioluminescent (BL) bioassays are traditionally applied for monitoring 
of chemical toxicity, and not long ago we used them for the first time 
to monitor radiation toxicity in solutions of alpha- and beta-
radionuclides. Main testing physiological parameter of the bioassays 
is BL intensity. 
The purpose of the work was to study chronic effects of radionuclides 
on glowing of luminous bacteria Photobacterium Phosphoreum. 
Effects of model solutions of alpha-emitting nuclide Am-241 and 
beta-emitting nuclide tritium were studied. The bacteria were grown in 
nutrient media with addition of Am-241 (up to 7 kBq/L), H3-labled 
aminoacid valine, or tritiated water (up to 100 MBq/L). The Am-241 
inhibited bacterial growth at all activities of the nutrient media. The 
tritium increased bacterial growth at activity <30 MBq/L, and 
inhibited it at >30 MBq/L. Bacteria were sampled at exponential and 
stationary stages of growth; BL kinetics of the samples was studied 
and compared with that of a control (nonradioactive) sample. Three 
stages were found in BL kinetics of the radioactive samples: (1) 
absence of the effect, (2) BL activation, and (3) BL inhibition. The BL 
activation reached 1000-2000%; it was attributed to hormesis 
phenomenon. No linearity in radioactivity–BL intensity dependences 
was found. All three BL kinetics stages were found in solutions of 
both Am-241 and tritium, i.e. the response of the cells was unified. 
Accumulation of Am-241 and tritium in cells and DNA was 
determined. 
Role of peroxides (as secondary products of ionizing radiation in 
water) in the effects radionuclides on luminous bacteria and their 
enzymatic reactions was studied. Peroxides were found in to be 
effective in Am-241 solutions and were not – in tritium solutions. 
 
POS01-02. Prevention and Therapy of Diabetic Complications by 
LDR: An innovative approach. Lu Cai, University of Louisville, 
USA 
 
Induction of hormesis and adaptive response by low-dose radiation 
(LDR) has been extensively indicated. Adaptive response induced by 
LDR was not only resistant to damage caused by subsequently high-
dose radiation, but also cross resistant to other non-radiation 
challenges, including diseases-related oxidative stress. Oxidative 
stress is a major cause for diabetes and its complications; we have 
investigated whether LDR has potential for the prevention or therapy 
of diabetic complications. Using type 1 diabetic animal models that 
was induced with streptozotocin in rats and mice, we have 
demonstrated that LDR at dose levels of 25 – 75 mGy can afford a 
significant preventive effect on diabetes-induced renal dysfunction 
along a prevention of renal inflammation, oxidative damage and 
remodeling. The preventive effect of LDR on diabetic complications 
were also mirrored by its significant prevention of diabetes-induced 
cardiac and testicular oxidative damage and structure changes, along 
with a significant increase in serum and organ‘s antioxidant levels. 
Furthermore, we also demonstrated the significant acceleration of 
diabetic wound healing by exposure to LDR in the diabetic rats at 2 
months after diabetes onset, which was found to be predominantly 
mediated by LDR‘s stimulation of bone marrow stem cell 
proliferation and peripheral mobilization. Therefore, these studies 
demonstrate for the first time that LDR has a great potential for the 
prevention and even the therapy of diabetic complications. 
 
POS01-03. Detection of novel human miRNAs responding to 
ionizing irradiation. Nan Ding, X. Wu, J. He, L. Chang, W. Hu, G. 
Zhou, Institute of Modern Physics, Chinese Academy of Sciences, 
China 
 
Purpose: Up to now, more than 1048 human miRNAs have been 
identified. However, the recognition of new human miRNAs becomes 
more and more difficult. Ionizing radiation, such as X-rays, g-rays, 
and heavy ion beams, causes cellular damages, signal transduction, 
DNA repair, cell cycle checkpoints, and apoptosis, in which many 
miRNAs take part. Therefore, we hypothesize that some miRNAs 
which rarely express under normal conditions may increase their 
expression upon irradiation. 
Materials and methods: Total RNAs of HeLa cells were isolated 1 h 
after exposure to 2 Gy of X-rays, and total small RNAs were enriched 
by using PAGE, then sequenced by using Solexa technology. 
Results: Finally, 421 kinds of known miRNAs and 337 kinds of 
unknown sequences were identified, among which 11 novel miRNAs 
were characterized by bioinformatic ways and verified by qRT-PCR. 
Furthermore, putative targets of these miRNAs were predicted by 
TargetScan software and compared with known proteins down-
regulated by radiation. It was confirmed that some of the targets of 
these novel miRNAs were radiation-related proteins. 
Conclusions: These results imply that these 11 novel miRNAs are 
radiation-related miRNAs. This study reveals a new way to find novel 
miRNAs. 
Keywords: microRNA, ionizing radiation, Solexa, qRT-PCR 
 
POS01-04. Implications of whole body radiation exposure for 
prostate carcinogenesis in the TRAMP mouse model. Mark 
Lawrence1, B. Blyth1, R. Ormsby1, E. Bezak2, W. Tilley3, P. Sykes1, 1: 
Flinders University and Medical Centre, Australia, 2: Royal Adelaide 
Hospital 3: Dame Roma Mitchell Cancer Research Laboratories, 
University of Adelaide, Australia 
 
Increased tumour latency and reduced tumour frequency following 
low dose irradiation provides in vivo evidence for radiation adaptive 
responses. Although adaptive responses have been observed for 
haematological malignancies, there is little in vivo evidence available 
for epithelial carcinogenesis, such as in prostate cancer. Little is 
known regarding the susceptibility of the prostate to radiation-induced 
carcinogenesis. The TRAMP transgenic mouse, with 100% prostate 
cancer incidence and reproducible progression, provides an 
opportunity to investigate the implications of high and low dose 
radiation exposures. 
We hypothesise that low dose radiation (10-100 mGy) will inhibit 
TRAMP prostate tumourigenesis, and that a high dose (2 Gy) will 
accelerate tumour progression. Endpoints include time-to-palpable-
tumour, tumour size/weight, and histopathology grade. We have also 
developed high-throughput image analysis techniques for 
immunofluorescent staining of a cellular proliferation marker, 
transgene expression, DNA repair foci and apoptosis in prostate 
sections. 
There was no change in proliferation or transgene expression in any of 
the lobes (ventral, dorso-lateral or anterior) in TRAMP mice 6 weeks 
after irradiation with 2 Gy compared with sham-irradiated controls. 
Irradiated mice had higher relative prostate weights, implicating a 
response during the 6 week period (e.g. proliferation, inflammation or 
apoptosis). However, there was ultimately no difference in time-to-
palpable-tumour between the groups. 
In low dose experiments, preliminary data show no change in 
proliferation in any of the lobes of the prostate 3 days following 50 
mGy X-rays. 
On-going studies are exploring the long term effects of high and low 
dose radiation exposure in the TRAMP model, using both single and 
multiple irradiations. 
Research funded by The Prostate Cancer Foundation of Australia and 
the Low Dose Radiation Research Program, Biological and 
Environmental Research, US Dept of Energy, DE-FG02-05ER64104. 
 
POS01-05. Enhanced phosphate solubilization by radiation 
induced mutants of Pantoea. Young-Keun Lee, S. Murugesan, 
Korea Atomic Energy Research Institute, South Korea 
 
Three mineral phosphate solubilizing bacteria where isolated from 
rhizosphere soil samples of common bean and weed plants. 16S rDNA 
analysis indicated that the isolate P2 and P3 are closely related to 
Pantoea dispersa while isolate P4 is closely related to Pantoea terrae. 
Isolates P2 and P3 recorded 468.42µg/ml and 407.45µg/ml of 
tricalcium phosphate(TCP) solubilization respectively on 5 days 
incubation. Isolate P4 recorded the TCP solubilization of 215.84µg/ml 
and the pH was dropped to 4.44 on 24h incubation. Further incubation 
of P4 sharply decreased the available P to 28.94µg/ml and pH level 
was raised to 6.32. Gamma radiation induced mutagenesis was carried 
out at LD99 dose of the wild type strains. A total of 14 mutant clones 
with enhanced MPS activity and 4 clones with decreased activity were 
selected based on solubilization index (SI). Mutant P2-1 recorded the 
highest P-solubilizing potential among any other wild or mutant 
clones by releasing 504.21µg/ml of phosphorous i.e. 35% higher than 
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its wild type by the end of day 5. Comparative evaluation of TCP 
solubilization by wild type isolates of Pantoea and their mutants, led 
to selection of three MPS namely P2-1, P3-2 and P3-4 with a potential 
to release > 471.67µg/ml of phosphorous from TCP. These over 
expressing mutant clones are considered as suitable candidates for 
biofertilizer. 
 
POS01-06. Cyclin D1/CDK4 Regulates MnSOD and 
Mitochondrial Function in Low Dose Radiation- induced 
Adaptive Radioprotection. Jian Jian Li1, C. Jin1, M. Fan1, R. Liu1, D. 
Nantajit1, D. Candas1, R. Lipman1, A. Vaughan1, J. Murley2, G. 
Woloschak3, D. Grdina2, 1: University of California Davis, USA, 2: 
University of Chicago, 3: Northwestern University, USA 
  
Mitochondria are known to play an essential role in radiation 
response. However, the exact mechanism underlying mitochondria-
initiated pro- or anti- apoptotic pathways in low dose radiation- 
induced adaptive response remain elusive. We have reported that 
Cyclin D1 up-regulated by NF-kappaB is involved in low dose 
radiation induced adaptive response (Ahmed, et al., Oncogene 
27:6738-6748, 2008). The present study tested the hypothesis that 
Cyclin D1/CDK4 complex function as a key factor delivering the 
adaptive signaling to mitochondria to induce an anti-apoptotic 
response in irradiated cells. We found that Cyclin D1/CDK4 was 
present in the mitochondria of human skin keratinocytes and other 
mammalian cells. Cyclin D1/CDK4 mitochondrial translocation was 
significantly enhanced in a certain time following exposure to low 
dose range of ionizing radiation (10-cGy x-ray). Cyclin D1/CDK4 was 
able to directly interact with mitochondrial antioxidant MnSOD and 
affect MnSOD enzymatic activity, which contributes to the adaptive 
radioresistance in cells with reduced ROS level and sustained 
maintenance of mitochondria membrane potential. These results 
provide the evidence that cell cycle regulator Cyclin D1/CDK4 is able 
to regulate mitochondrial function via direct interact with 
mitochondrial antioxidants in low dose radiation-induced adaptive 
resistance. Data elucidating the mechanisms related to Cyclin 
D1/CDK4/MnSOD pathway in mouse and human cells and tissues 
will be presented.    
 
POS01-07. RADIATION HORMESIS AND RADIOADAPTIVE 
RESPONSE IN DROSOPHILA MELANOGASTER FLIES 
WITH DIFFERENT GENETIC BACKGROUNDS: THE ROLE 
OF CELLULAR STRESS-RESISTANCE MECHANISMS. 
Alexey Moskalev, E. Plusnina, M. Shaposhnikov, Institute of biology 
of RAS, Russian Federation 
 
The purpose of this work is to investigate the role of cellular stress-
resistance mechanisms in the low-dose irradiation effects on 
Drosophila melanogaster lifespan. In males and females with the wild 
type Canton-S genotype the chronic low dose irradiation (40 cGy) 
induced the hormetic effect and radiation adaptive response to acute 
irradiation (30 Gy). The hormesis and radioadaptive responses were 
observed in flies with mutations in autophagy genes (atg7, atg8a) but 
absent in flies with mutations in genome stability genes, such as 
ATM, ATR, PCNA, XPC, BLM and p53 homologues, and heat shock 
protein 70. The obtained results demonstrate the essential role of 
cellular stress-resistance genes in hormesis and radiation adaptive 
response of the whole organism. 
 
POS01-08. On the molecular mechanisms for radioadaptive 
responses. Mitsuru Nenoi, G. Vares, B. Wang, National Institute of 
Radiological Sciences, Japan 
 
When pregnant ICR mice were irradiated with high doses of X-rays 
(4-5 Gy) on day 12 after fertilization (E12), only three living fetuses 
(out of 12) remained per dam on E18 which exhibited widespread 
malformations However, when the mice were pre-exposed to low dose 
of X-rays (0.3 Gy) on E11, the number of living fetuses significantly 
increased while the fraction of malformed fetuses dropped. In order to 
reveal the molecular mechanisms underlying this radioadaptive 
response (RAR), we analyzed the modulation of gene expression in 
irradiated mouse fetuses. Using DNA microarrays, several RAR-
related target genes (such as Tead3 and Cacna1a) were identified, and 
their functional involvement in RAR was confirmed by RNA 
interference experiments using cultured fetal limb bud cells. 
Meanwhile, we also investigated RAR against the mutagenic effects 
of high-LET radiation in cultured lymphoblastoid cells. The cells were 
exposed to 0.02 Gy or 0.1 Gy priming X rays or high-LET heavy-ion 
radiation (C-ions at 20 keV/μm or 40 keV/μm and Ne-ions at 150 
keV/μm), followed six hours later by a 1 Gy challenging dose of 
heavy-ion radiation. Reduced mutation frequencies at the HPRT gene 
locus were observed in cells pre-exposed to priming radiation, 
compared to cells exposed to challenging dose alone. Analysis of the 
γH2AX kinetics in irradiated cells indicated that increased DSB repair 
rates were observed in adapted cells, suggesting the functional 
involvement of an efficient DSB repair mechanism in RAR. 
The implication of molecular mechanisms underlying RAR in low-
dose radiation risk will be discussed. 
 
POS01-09. Critical roles of mismatch repair proteins in 
modulation of genotoxicity of gamma-irradiation in human cells 
by pretreatments with N-methyl-N‘-nitro-N-nitrosoguanidine at 
low doses. Takehiko Nohmi1, A. Yamamoto2, Y. Sakamoto3, K. 
Masumura1, M. Honma1, 1: National Institute of Health Sciences, 
Japan 2: Hachinohe National College of Technology 3: Ajinomoto 
Pharmaceuticals, Japan 
 
As humans are exposed to a variety of chemical agents as well as 
radiation, health effects of radiation should be evaluated in 
combination with chemicals. To explore possible modification of 
genotoxic effects of radiation by chemicals, we examined modulating 
effects of N-methyl-N\'-nitro-N-nitrosoguanidine (MNNG), a direct-
acting methylating agent, against genotoxicity of γ-radiation. Human 
lymphoblastoid TK6 cells and the mismatch-deficient isogenic 
derivative, i.e., MT1 cells, were treated with MNNG for 24 h before 
they were exposed to γ-irradiation at a dose of 1.0 Gy, and the 
resulting genotoxicity was examined. In TK6 cells, the pretreatments 
with MNNG at low doses suppressed frequencies of the thymidine 
kinase (TK) gene mutation and micronucleus (MN) formation induced 
by γ-irradiation and thus the dose responses of TK and MN assays 
were U-shaped along with the pretreatment doses of MNNG. In 
contrast, the genotoxic effects of MNNG and γ-irradiation were 
additive in MT1 cells and the frequencies of TK mutations and MN 
induction increased along with the doses of MNNG. Apoptosis 
induced by γ-radiation was suppressed by pretreatments with MNNG 
at a low dose in TK6 cells, but not in MT1 cells. The expression of 
p53 was induced and cell cycle was delayed at G2/M phase in TK6, 
but not in MT1 cells, by the treatments with MNNG. These results 
suggest that pretreatments of MNNG at low doses suppress 
genotoxicity of γ-radiation in human cells and also that mismatch 
repair proteins are involved in the apparent adaptive responses. 
 
POS01-10. Disorders of Lipid Metabolism in a Gamma-Irradiated 
Model. Changhyun Roh, M. Park, H. Park, U. Jung, S. Jo , Korea 
Atomic Energy Research Institute, South Korea 
 
Even though the risk of degenerative diseases by radiation has been 
reported, the main degeneracy during exposure to radiation is poorly 
understood. Exposure to ionizing radiation such as gamma-rays is one 
of the methods currently used to stress specific model system. 
Biological responses to ionizing radiation are complex processes. The 
chemical and physical reactions induced by ionizing radiation are 
cumulative in living organisms with developed mechanisms. Ionizing 
radiation effects have been reported for various biological responses 
including growth arrest, oncogenesis, mutation, chromosome 
instability and so on. Recently, we reported the degeneracy of 
adipocytes during exposure to radiation (Jo et al., IJRB, 2011, 87(3), 
302–310, Patent, Korea/2010-0037873). Furthermore, we showed the 
fat inhibition by orlistat administration in a gamma-irradiated mouse 
model. (Roh et al, EJLST, 2010, 112, 1384–1388). We suggest that 
gamma-irradiation in animal model might result in fat accumulation 
and orlistat treatment as an anti-obesity agent inhibits the accumulated 
fat in C57BL/6 mice. In this study, we showed that gamma-irradiation 
could trigger a biological response like the fat accumulation of 
gonadal white adipose tissue (gWAT), mesenteric (mWAT), and 
retroperitoneal (rpWAT) in mice. To induce fat accumulation through 
gamma-irradiation, 2-month-old female C57BL/6 mice were 
irradiated at 0.5 Gy (0.11 Gy/min, 10 times), 1 Gy (1.1 Gy/min, 5 
times), and 5 Gy (1.1 Gy/min, 1 time), and raised for an additional 6 
months. The white adipose tissue (gWAT, mWAT, and rpWAT) of 
the gamma-irradiated mice weighed significantly higher than what 
was seen in normal mice, indicating that gamma-irradiation induced 
the fat accumulation in the adipose tissue. In this regard, gamma-
irradiated mice could be evaluated as a useful model for the 
development of anti-obesity drugs. Here, we present our observation 
of the triggering of fat accumulation in adipose tissue caused by 
ionizing radiation. [This study was supported by the Nuclear R&D 
Program of MEST (Grant No. 2007-00091)] 
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POS01-11. Influence of the overexpression of DNA repair and 
damage response genes (mnk, BRCA2, spnB, and Hus1) on 
Drosophila melanogaster whole organism radioresistanse. Mikhail 
Shaposhnikov, A. Moskalev, Institute of Biology of Komi Scientific 
Center of the Ural Branch of the RAS, Russian Federation 
 
DNA repair and damage response genes play crucial role in the cell 
radiosensitivity, however the effect of overexpression of these genes 
on the whole organism radioresistanse was not studied. The objective 
of our research was to investigate the role of DNA repair and damage 
response genes overexpression in the whole organism radiation 
response in Drosophila melanogaster. 
Effects of conditional ubiquitous overexpression of mnk, BRCA2, 
spnB, and Hus1 on the radiosensitivity to 30 Gy of acute irradiation 
were studied with the Drosophila melanogaster imagoes. To 
investigate the possible role of genes in radioadaptive response 
overexpression was generated 72 h before acute irradiation, using the 
mifepristone inducible GeneSwitch GAL4 system. The effect of 
irradiation on the age dynamics of imago mortality has been analyzed. 
The obtained results will be presented and interpreted from a point of 
view of mnk, BRCA2, spnB, and Hus1 roles in Drosophila 
melanogaster whole organism radioadaptive response. 
 
POS01-12. Plants from Chernobyl zone are tolerant to DNA 
damaging agents. Galina Shevchenko1, A. Talalaiev2, J. Doonan3, 1: 
Institute of Botany, NAS Ukraine, Ukraine 2: Institute of Botany, 
NAS Ukraine 3: Institute of Biological, Environmental and Rural 
Sciences, Aberystwyth University, UK  
 
Despite of the impact of radiation, active vegetation in the Chernobyl 
area during the recent years proves that plants can adapt to chronic 
radiation. Few investigations have been conducted on plants from the 
Chernobyl zone in respect of DNA maintenance and stabilization. One 
of the immediate targets of radiation is the genetic material, DNA, 
which can be irreparably damaged. Radiation is known to cause a 
great number of DNA lesions ranging from single base damage to 
DNA single-strand breaks (SSBs) and DNA double-strand (DSBs) 
breaks. Our investigations show that Arabidopsis thaliana plants from 
the Chernobyl zone can tolerate chemical (radiomimetic, heavy 
metals) and physical (UV irradiation) DNA damaging agents much 
better than control plants from non-polluted zones. Some DNA 
damage repair genes are up-regulated, suggesting that mechanisms of 
DNA repair promote the genome stability under these conditions.  It is 
known that plants have evolved several DNA repair pathways. We 
continue the investigations on gene expression from different DNA 
repair pathways (homologous recombination (HR), non- homologous 
end-joining (NHEJ), photoreactivation, base excision repair, etc) 
known to exist in plants to get deeper insight on the mechanism of 
plant tolerance. 
 
POS01-13. The roles of protein kinase Cα in radioadaptive 
response with hydrogen peroxide. Akira Tachibana, S. Saotome, A. 
Murase, H. Tauchi, Ibaraki University, Japan 
 
Radioadaptive response is the acquirement of cellular resistance to 
ionizing radiation by prior exposure to low dose. It has been suggested 
that protein kinase C (PKC) is involved in the induction of 
radioadaptive response. PKC is a family of protein kinase , which 
plays an important role in cellular signal transduction, and nine 
isoforms have been identified. Although one of the isoforms, PKCa, 
was found to be activated by low dose of X-rays, it is still obscure 
which isoform of PKC is responsible for radioadaptive response. To 
make it clear if PKCa is involved in radioadaptive response, we 
reduced the expression of PKCa in mouse fibroblast cells using RNAi 
and examined adaptive response induced by the treatment with low 
concentration of hydrogen peroxide. Cells transfected with siRNA 
specific to the PKCa gene showed reduced expression of PKCa both 
at RNA level and at protein level. We found that these cells with 
reduced amount of PKCa showed little induction of adaptive response 
with low concentration (1 mM) of hydrogen peroxide, indicating that 
PKCa is a key player in the induction of radioadaptive response. We 
also examined the phosphorylation of PKCa after treatment with 
hydrogen peroxide, and found that hydrogen peroxide would cause 
sustained phosphorylation of PKCa at low concentration. In contrast, 
although the treatment with high concentration of hydrogen peroxide 
(100 mM), which would not induce radioadaptive response, caused 
extremely high phosphorylation of PKCa just after the addition of 
hydrogen peroxide, the level of phosphorylation was much lower than 
that observed for low concentration of hydrogen peroxide 2 hours or 
more after the treatment. These results indicate that PKCa is essential 
of the induction of radioadaptive response and suggest that the 
sustained activation of PKCa might play an important role for 
radioadaptive response. 
 
POS01-14. X-Ray-Induced Radioresistance against High-LET 
Radiations from Accelerated Neon-Ion Beams in Mice. Bing 
WANG, K. TANAKA, Y. NINOMIYA, K. MARUYAMA, G. 
VARES, Y. SHANG, K. FUJITA, Y. MORIMOTO, T. NAKAJIMA, 
K. EGUCHI-KASAI, M. NENOI, National Institute of Radiological 
Sciences, Japan 
 
Low LET radiation-induced adaptive response (AR) against the 
detrimental effects from high LET radiation has not been well studied 
in vivo. Using 30-day survival in mice after challenging irradiations as 
the index, we previously demonstrated that a priming dose of 0.5 Gy 
X-rays could significantly reduce the mortality from the high 
challenging irradiations with accelerated carbon or silicon particles, 
but not iron particles. In the present work, induction of AR by the 
priming dose of 0.5 Gy X-rays in combination with a challenging dose 
of 5.5 Gy with accelerated neon ions was further investigated in the 
same system with the same endpoint. Results showed that the priming 
dose of 0.5 Gy X-rays could markedly reduce the mortality from the 
challenging dose of 5.5 Gy neon ions. Taking together, the priming 
dose of 0.5 Gy X-rays could induce AR against the lethality caused by 
the challenging irradiations from carbon, neon and silicon, but iron 
particles, of which the LET values of about 15, 30 and 55, and 200 
keV/micrometer, respectively. It is suggested that AR could be 
induced by priming low LET X-rays in combination with subsequent 
challenging high LET irradiations from certain kinds of accelerated 
heavy ions. The successful induction of AR would possibly be an 
event relating to the LET value or/and the heavy ion particle of the 
challenging irradiations. These findings would provide a new insight 
into the study on radiation-induced AR in vivo. 
 
POS01-15. Adaptive Response in a thyroid cell line after 
treatment with Tc-99m, Re-188 or X-rays. Maria Wendisch, R. 
Freudenberg, R. Runge, G. Wunderlich, J. Kotzerke, 
Universitätsklinikum Carl Gustav Carus, TU Dresden/ Klinik und 
Poliklinik für Nuklearmedizin, Germany 
 
Purpose: Radioadaptive response describes the phenomena of 
decreased radiotoxicity after high dose irradiation subsequent to a low 
dose pre-treatment. The results of this study should provide an 
indication if nuclear medicine therapy could be influenced by 
previously diagnostic investigation. Previous studies described 
radiation-induced adaptive response after exposure of cells with 
extracellular sources. In this study, we analysed adaptive response 
after irradiation with the radionuclides Tc-99m and Re-188 and 
therefore cellular radionuclide-uptake in comparison to extracellular 
irradiation with X-rays. 
Materials and methods: The thyroid rat cell line PC Cl3 was exposed 
4 hrs after different adapting doses of 0, 0.01, 0.05 or 0.5 Gy to a high 
dose up to 15 Gy Re-188, Tc-99m or X-rays (dependent on 
radionuclide and biological assay). Clonogenic cell survival was 
detected by colony forming assay and DNA-damage was measured by 
alkaline comet assay. In addition, intracellular radionuclide uptake 
was quantified. 
Results: Adaptive response was observed after treatment with beta 
emitter Re-188 or X-rays. PC Cl3 cells exhibited both increased 
clonogenic survival and decreased DNA-damage when pre-irradiated 
with a low dose of Re-188 or X-rays before exposure to a later 
challenging dose. 
Cells incubated with Tc-99m indicated no adaptive response. After 
pre-irradiation doses of 0, 0.01, 0.05 or 0.5 Gy PC Cl3 cells showed 
no differences in DNA-damage but a reduced survival dependent on 
pre-irradiation dose. 
Radionuclide uptake was reduced after pre-incubation with Re-188 
but not after pre-exposure to Tc-99m. 
Conclusions: In this study we analysed the adaptive response after 
irradiation with the radionuclides Re-188 and Tc-99m in comparison 
to X-rays. These results suggest that adaptive response exists after 
treatment and cellular uptake of Re-188 but not of Tc-99m. Therefore, 
adaptive response is dependent on dose, radiation quality (LET) and 




POS01-16. Novel role of TCTP in DNA damage sensing and 
repair. Jie Zhang1, S. M. de Toledo2, G. Guo1, E. I. Azzam2, 1: 
Department of Radiation Medicine, Fourth Military Medical 
University, China, 2: Department of Radiology, UMDNJ-New Jersey 
Medical School Cancer Research Center, USA 
 
The Translationally Controlled Tumor Protein (TCTP) is a highly 
conserved protein that is widely expressed in all eukaryotic organisms. 
Although TCTP has been implicated in various cellular processes for 
survival, its role in radiation effects is poorly understood. We show 
that TCTP is significantly increased in nuclei of γ-irradiated human 
fibroblasts in an ATM-dependent manner, and knockdown of TCTP 
expression by siRNA approach abolished the low dose γ-ray-induced 
adaptive response against chromosomal damage, which highlighted a 
role for TCTP in DNA repair. Co-immunoprecipitation with anti-
TCTP antibodies in cell nuclear extracts and analysis by Q-TOF 
tandem mass spectrometry revealed several TCTP-interacting proteins 
that are involved in important DNA damage sensing and repair 
processes. Further co-immunoprecipitation and immunobloting 
experiments confirmed the physical interaction of TCTP and Ku70/86, 
suggesting the potential role of TCTP in non-homologous end joining 
(NHEJ). Knockdown of TCTP expression inhibited the DNA binding 
activity of both Ku70 and Ku86 by more than 50% compared to 
scramble siRNA-transfected control group after γ-ray exposure. In 
chromatin of irradiated cells, TCTP was found to physically interact 
with ATM and to exist in a complex with γH2A.X, in agreement with 
its distinct localization with the foci of the DNA damage marker 
proteins γH2A.X, 53BP1 and P-ATM. Ongoing studies are focusing 
on the co-localization and interactions of TCTP with Ku and other 
important proteins implicated in DNA damage sensing and repair. 
Collectively, our studies reveal that TCTP may be a critical chaperone 
in multiple DNA damage sensing and repair processes. 
Supported by Grant DE-FG02-07ER64344 from the U.S. Department 
of Energy, Low Dose Radiation Research Program and by Grant 
NNJ06HD91G from NASA 
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POS02-01. Microbiological Characterization: Acute Radiation 
Syndrome in a Rhesus Model. Simon Authier1, J. Gervais1, E. 
Troncy2, 1: LAB Research North America, Canada 2: Université de 
Montréal, Canada 
 
Accidental exposure to high dose ionizing radiation is associated with 
an acute radiation syndrome (ARS) in all species including humans. 
Acute radiation toxicities to the skin, gastrointestinal tract, liver and 
bone marrow are associated with distinct but often overlapping 
pathophysiology along the ARS continuum. The hematopoietic ARS 
is characterized by leucopenia and thrombocytopenia with 
predisposition to opportunistic infections and hemorrhages, 
respectively. Development of medical countermeasures for 
hematopoietic ARS may focus on prevention of these risk factors or 
on medical management of symptoms. Hemoculture and 
microbiological evaluations of organs are considered as cornerstones 
of diagnostic procedures to determine the contribution of infectious 
agents in animal models of the ARS. Data from preterminally fated 
(between Days 13 and 26 post-exposure) non human primate Rhesus 
(27 males and 13 females) exposed to radiation (Cobalt-60) at doses 
between 600 and 650 cGy with positive microbiology results were 
compiled. A total of 30 different bacterial strains were isolated. A 
combination of gram positive and gram negative bacterial strains was 
most frequently observed (47.5%) followed by gram positive only 
(42.5%) and gram negative only (10%). The incidence of positive 
results increased from the brain (67.5%), spleen (77.5%), liver and 
kidneys (82.5%), to the lungs (92.5%). Staphylococcus aureus was 
isolated from 67.5% of individuals while Escherichia coli was isolated 
from 42.5 %. Most bacterial strains identified were considered as 
opportunistic agents. Characterization of bacteriological agents could 
be valuable to select the most appropriate and clinically 
relevant supportive care protocol for the hematopoietic ARS models 
in animals. 
 
POS02-02. Further Biodosimetry Studies Using a Murine Partial-
Body Exposure Model. William F. Blakely, D. J. Sandgren, V. Nagy, 
S. Yop Kim, N. I. Ossetrova, AFRRI/USUHS, USA 
 
Since radiation accidents typically involve non-homogeneous 
radiation exposures, a murine partial-body (PB) exposure model was 
established to evaluate multiple bioassays for radiation dose 
assessment. CD2F1 male mice were exposed to 0 (sham) or 6-Gy 250-
kVp x-rays. Mice were placed either in Plexiglas® boxes with 
individual compartments or single-mouse Plexiglas® holders that 
constrained mouse movement during irradiation. Four of the mice 
each in single-mouse holders were positioned in the x-ray source field 
under a lead-shield with cut-outs to permit irradiation of mice to total-
body (TB), 2/3rd (gut and torso), 1/3rd (gut only), and 100% lead 
shielding (sham treated). Preliminary results (i.e., dosimetry 
uniformity mapping, lymphocyte counts, Flt-3 ligand (Flt-3L) and 
serum amyloid A (SAA) plasma biomarkers) from PB-exposure 
studies using constrainted mice were earlier reported (Blakely et al. 
Radiation Measurements in press). Here we show results from 
dosimetry mapping for the Plexiglas® box irradiations and address the 
influence of stress due to mice contrainst during irradiation on 
biomarkers, radioresponse for additional plasma TGF-β1 and G-CSF 
biomarkers, and receiver operator curve (ROC) analysis for relatively 
stress-independent biomarkers. Dosimetry mapping was determined 
using alanine – electron paramagnetic resonance measurements. 
Archived blood plasma was sampled for analysis of plasma proteomic 
biomarkers (G-CSF, and TGF-β1), measured using commercial 
enzyme-linked immunosorbent assay kits, at 1 and 2 day (d) after 
exposure in 3 replicate experiments with n = 6-8 animals in each 
position per experiment. Dosimetry mapping results showed <3% 
non-uniformity using the Plexiglas® boxes. Plasma SAA levels at 1 d 
demonstrated the highest stress effect, due to mouse constrainst, 
representing a 2- and 3-fold increase in sham-treated and irradiated 
mice, respectively for the restrained compared to non-restrained mice. 
ROC analysis using relatively stress-independent radiation biomarkers 
(i.e., lymphocyte counts or Flt-3L) 2 d after irradiation showed a 
>93% sensitivity and >95% specificity when comparing sham vs. PB- 
and TB-irradiated mice.  
 
POS02-03. Time evolution of EPR signals in bone irradiated by 6 
MV X-rays. Bartłomiej Ciesielski1, J. Kamińska2, K. Kaczerska1, M. 
Penkowski1, P. Boguś1, 1: Department of Physics and Biophysics, 
Medical University of Gdansk, Poland 2: Department of Oncology 
and Radiotherapy, Medical University of Gdansk, Poland 
 
Biodosimetry based on measurements of EPR signals in hard tissues is 
a recognized method of determination of doses of ionizing radiation in 
victims of radiation accidents. EPR dosimetry using signals induced in 
bones has been used in retrospective dosimetry of e.g. the victims of 
overexposure during radiotherapy in Bialystok in 2001. However, 
conditions for a reliable bone dosimetry are still much less 
documented then for enamel-based EPR dosimetry, which in the last 
15 years was studied in several international intercomparison projects. 
The aim of this study was determination of evolution of EPR signals 
in irradiated bone over time after irradiation and its dependence on the 
conditions in which the bone was irradiated. 
Pieces of human bone from tibia were irradiated in dry or wet 
conditions (the bone piece immersed in water)by 6 MV X-rays to total 
doses of 50 and 100 Gy. Their EPR spectra, after vacuum drying of 
the samples, were measured during 9 weeks after irradiation. The 
radiation induced EPR spectra consisted of an asymmetric component 
assigned to radicals generated in hydroxyapatite, and a second, 
symmetrical component assigned to the bone‘s organic content. The 
ratio of intensities of the organic and inorganic components was 
significantly higher in the bone irradiated as dry than in the bone 
irradiated as wet. This difference was decreasing in time after 
irradiation. The magnitude of the hydroxyapatite-derived spectral 
component stabilized after 2 weeks after irradiation at about 90% of 
its initial value. The second, organic component in the samples 
irradiated as wet after initial increase, stabilized at different levels in 
various samples and was 10-60% higher then measured immediately 
after drying. In the sample irradiated in dry conditions, the intensity of 
the organic component was decreasing in time after irradiation and in 
9 weeks stabilized at about 45% of its initial value. However, the 
faded intensity of the organic component in that sample was still about 
60% higher then in the bone irradiated as wet. 
It is concluded, that (1) the observed time evolution of the EPR 
signals induced by radiation can affect accuracy of the dose 
reconstruction, and (2) delivery of the calibration dose to bone soaked 
with water results in reduction of the symmetrical spectral component 
which obscures the dosimetric signal. 
 
POS02-04. Gamma-H2AX biodosimetry following synchrotron 
microbeam radiation therapy. Jeffrey Crosbie1, K. Rothkamm2, J. 
Nevzerova-Rubulis1, F. Daley3, C. Nowell4, S. Bourne3, P. Rogers1, 1: 
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University of Melbourne Dept of Obstetrics & Gynaecology, 
Australia, 2: Health Protection Agency Centre for Radiation, 
Chemical and Environmental Hazards, UK, 3: Gray Institute for 
Radiation Oncology and Biology, University of Oxford, UK, 4: 
Ludwig Institute of Cancer Research, UK 
 
Purpose: The biological effects of MRT are not well understood, and 
are complicated by difficulties in measuring the MRT doses delivered 
to the tissue. Film and semiconductor dosimetry as well as Monte 
Carlo methods struggle to provide accurate estimates of dose profiles 
and peak-to-valley dose ratios at the position of the targeted and 
traversed tissues whose biological responses to MRT determine 
treatment outcome. -H2AX biodosimetryThe aim of this study was to 
investigate whether  techniques could be applied to MRT-irradiated 
mouse skin in order to estimate the ‗valley‘ dose between adjacent 
microbeams. 
Materials & -H2AX analysis allowed microbeams to beMethods:  
traced and DNA damage foci to be quantified in valleys between 
beams following MRT treatment of fibroblast cultures and murine 
skin. Foci levels in cells located in valleys were compared with 
calibration curves using known broadbeam synchrotron X-ray doses to 
generate spatial dose profiles. 
Results: We calculated peak-to-valley dose ratios of 30-40 for cell 
cultures and approximately 60 for murine skin, consistent with the 
range obtained with conventional dosimetry methods. 
Conclusions: Gamma-H2AX is a sensitive and quantitative biomarker 
for radiation exposure which may be employed to visualise, quantify 
and validate dose distributions delivered to tissues in microbeam 
radiotherapy regimens. This biological dose mapping approach could 
find several applications both in optimising MRT or other 
radiotherapeutic treatments and in estimating localised doses 
following accidental radiation exposure using skin punch biopsies. 
 
POS02-05. Radiation metabolomics shows species conservation of 
urinary biomarkers of ionizing radiation exposure in the rabbit. 
Albert J. Fornace Jr1, S. Suman2, R. Kumar3, M. Maniar3, J. B 
Tyburski4, K. Datta2, 1: Lombardi Comprehensive Cancer Center, 
USA 2: Georgetown University Medical Center 3: Onconova 
Therapeutics 4: Georgetown University Medical Center, USA 
 
BACKGROUND: Catastrophic events occurring in the past ten 
years—both natural and man-made, abroad and domestic—have 
directed concern toward the potential for mass human casualty 
scenarios following large-scale radiological events. Regardless of 
whether from compromises to nuclear power reactors or acts of 
terrorism, the need for expanding and enhancing our capacity for 
dealing with large numbers of radiological exposures at one time is 
pressing. Current technologies for determining whether and to what 
extent individuals have been exposed are slow, labor-intensive, of 
limited scalability, and difficult to deploy in the field. In this study we 
address the current limitations in biodosimetry by defining the urine 
small molecule response to total body irradiation in the rabbit. 
OBJECTIVE: We endeavored to define the rabbit urine small 
molecule response to radiation as a function of both known radiation 
biomarkers from other animal models and novel candidate biomarkers 
specific for the rabbit. METHODS: Spot urine samples were collected 
before and up to 8 hours after exposure to 9 Gy gamma radiation 
delivered at 1 Gy per minute from a cesium source. Samples were 
analyzed by Ultra-Performance® Liquid Chromatography (UPLC) 
coupled to Time-of-Flight Mass Spectrometry (TOFMS). Aligned 
total-ion mass chromatograms were used to identify candidate 
biomarkers by principal components analysis, and tandem MS with 
authentic standards was used for confirmation. RESULTS: Principal 
components analysis revealed dramatic shifts in the urine metabolome 
of rabbits post irradiation, as evidenced by clear separation in 
component one scores. These changes were in part a function of up-
regulated excretion of several known urine radiation biomarkers with 
up to 28-fold higher concentrations post exposure. In addition a novel, 
up-regulated candidate radiation biomarker was identified. 
CONCLUSION: Our results provide evidence for conservation of 
urinary radiation biomarkers in a non-rodent animal model. Defining 
the rabbit urine metabolome changes is a necessary first step in 
developing this non-rodent animal model for radiation biodosimetry 
research and testing of radioprotectors. These results will also inform 
ongoing efforts to identify urinary radiation biomarkers in humans. 
 
POS02-06. Improvement of the automated chromosome 
aberration finding and counting system for the biological 
dosimetry. Akira Furukawa, National Institute of Radiological 
Sciences, Japan 
 
The biological dose estimation technique, such as chromosome 
aberration counting has been required to process large number of 
sample preparations at low dose radiation exposure, or at large 
number of people who wants the exposure test, such as Fukushima 
case. 
The automated chromosome aberration detecting and counting system 
from the images of microscope was developed before, but the 
software of that system was made for expensive workstation, therefore 
the system was very difficult to become popular, and the operator of 
the system was required much skill in information technology. 
Then, we translated the program of the system from the workstation to 
a personal computer (PC). The PC was using recent Ubuntu operating 
system, a distribution of Linux. This enabled extra low cost and user 
friendliness even ordinary biologists with no special knowledge of 
computers. 
The performance of the PC system was measured by same images as 
the old workstation version. The resulted speed was more than three 
times higher, depending on how fast machine used, than old one. 
 
POS02-07. Cancer Risk from Space Flight Estimated by Using 
Yields of Chromosome Damage in Astronaut Blood Lymphocytes. 
Kerry George1, L. Chappell2, F. A. Cucinotta3, 1: Wyle Labs, USA 2: 
USRA 3: NASA, USA 
 
Chromosomal aberrations in peripheral blood lymphocytes have been 
validated as biomarkers of cancer risk, and cytogenetic damage can 
therefore be used to characterize excess health risk incurred by 
individual crewmembers after their respective missions. Traditional 
risk assessment models are based on epidemiological data obtained on 
Earth in cohorts exposed predominantly to acute doses of gamma-
rays, and extrapolation to the space environment is highly 
problematic, involving very large uncertainties. Cytogenetic damage 
could play a key role in reducing uncertainty in risk estimation 
because it is incurred in the space environment, and is assessed in 
specimens from the astronauts themselves. 
Cytogenetic damage has been assessed in blood lymphocytes from 
more than 30 astronauts before and after they participated in long-
duration space missions of 3 months or more on the International 
Space Station. Chromosome damage was assessed using fluorescence 
in situ hybridization whole chromosome analysis techniques. For all 
individuals, the frequency of chromosome damage measured within a 
month of return from space was higher than it was before flight, and 
biodosimetry estimates were within the range expected from physical 
dosimetry. Follow-up analyses have been performed on most of the 
astronauts at intervals ranging from around 6 months to many years 
after flight, and the cytogenetic effects of repeat long-duration 
missions have so far been assessed in four individuals. 
Relative cancer risks were estimated from astronaut biodosimetry data 
using the quantitative approach derived from the European Study 
Group on Cytogenetic Biomarkers and Health database. Astronauts 
were categorized into low, medium, or high tertiles according to their 
yield of chromosome damage. Age-adjusted tertile rankings were used 
to estimate cancer risk, and results were compared with values 
obtained using traditional modeling approaches. Individual tertile 
rankings increased after space flight, and analysis of follow-up 
samples indicated that the tertile rankings of more than 50% of the 
individuals assessed so far remained in the high category. 
Crewmembers who shift and remain in the high category are projected 
to have increased lifetime cancer risk. 
 
POS02-08. DOSE-RESPONCE CURVES BY DICENTRICS 
ANALYSIS AND MICRONUCLEUS TEST FOR BIOLOGICAL 
DOSIMETRY IN RADIATION ACCIDENTS. Valeria 
Hadjidekova1, R. Hristova1, P. Atanasova2, L. Popova 2, A. Staynova2, 
S. Deleva2, 1: National Centre of Radiobiology and Radiation 
Protection, Bulgaria 2: Radiobiology and Radiation Protection, 
Bulgaria  
 
The frequencies of dicentrics and micronuclei in human peripheral 
blood lymphocytes  are the most frequently used biomarkers for the 
purposes of biological dosimetry in case of  ionizing radiation 
exposure. Dose-response relationships are established for 
chromosomal aberrations and micronuclei induced in human 
peripheral lymphocytes after in vitro 137Cs gamma - 
irradiation.  Peripheral blood samples of 7 different donors were used. 
The blood irradiation was performed with 137Cs, gamma-rays, at dose-
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rate 0,87 Gy/min., using different doses: 0.0, 0.05, 0.1; 0.25, 0.5, 0.75, 
1.0, 1.5, 2.0, and 3.0 Gy.  Chromosomal aberrations assay and 
cytochalasin-B micronucleus test were applied. In addition, 
fluorescence in situ hybridization technique with pancentromeric 
DNA probe was applied  for differential detection of centromere 
positive and centromere negative micronuclei. 
Linear-quadratic dose response relationship was established based on 
dicentric and ring chromosomes yield. The relationship can be 
described by the following equation: Y = 0,001 + 0.027*D + 
0.025*D2, where (Y) = dicentric and ring chromosomes yield, (D) = 
radiation dose obtained. 
In vitro 137Cs radiation  exposure showed a linear-quadratic 
relationship for the yield of micronuclei as well. Dose-effect curve 
established for the total number of radiation induced micronuclei can 
be described by the following equation: Y =20,560 + 39,596*D + 
17,010*D2. Linear-quadratic relationship also, was obtained for the 
yield of centromere negative micronuclei, although a high degree of 
variability among different donors. 
Excel software was established for calculation of  the received dose by 
using these equations, as a whole body equivalent dose acute 
irradiation. 
  
POS02-09. In the pursuit of identifying biomarkers of radiation 
exposure in human lymphocytes: A multi-parametric approach. 
Prakash HANDE1, D. ZEEGERS1, S. SETHU1, R. Lal GURUNG1, M. 
JAYAPAL1, B. BANERJEE2, R. BASKAR3, S. LOONG3, T. KATO4, 
R. OKAYASU4, P. G S PRASANNA5, 1: National University of 
Singapore, Singapore 2: National University of Singapore and KIIT 
University, India 3: National Cancer Centre Singapore 4: National 
Institute of Radiological Sciences, Japan 5: National Cancer Institute, 
NIH, USA 
 
Biomarkers are important in assessing the exposure and for predicting 
future adverse health outcomes. The development of cellular and 
molecular biomarkers is animportant goal in cancer research. We have 
earlier showed that even many years after occupational exposure, a 
significant fraction of the cells of healthy Mayak plutonium workers 
contained large intrachromosomal rearrangements (Hande et al. 2003 
Am J Hum Genet 72: 1162-1170; Mitchell et al. 2004 Radiat Res 162: 
257-263 and complexchromosomal exchanges (Hande at al. 2005 
Genes, Chromosomes, Cancer 44: 1-9). To address complex kinetics 
and dynamics of multiple endpoints/biomarkers on post-irradiation 
functional relevance, a study involving multiple end points following 
irradiation was initiated in ourlaboratory using human blood 
lymphocytes from ten healthy donors. Human cells were irradiated 
with very low doses (0.10 to 1.0 Gy) of g-rays. Gene expression 
profiles using microarray analysis were generated from 
bloodlymphocytes irradiated at G0 state to identify signature genes of 
exposure to ionising radiation. Chromosome alterations induced were 
detected by using fluorescence in situ hybridisation (FISH) using 
telomere specific probeas well as by multi-colour FISH. DNA damage 
studied by assessing micronuclei and g-H2AX foci formation and 
cytogenetic analysis revealed a dose-dependent increase in the 
percentage chromosome aberrations such as dicentrics and 
translocations. Micronucleus analysis also revealed adose-dependent 
increase in the production and persistence of chromosome fragments 
in the irradiated lymphocytes. Microarray analysis revealed that low 
doses of g- irradiation induced differential gene expression. There 
were no marked differences on the differential gene expression 
profiles between the doses. However, the differentially expressedgene 
profiles were quite distinct in cells incubated for 2 hour and 24 hour 
subsequent to irradiation. Radiation induced biological response like 
cytokine production, which contributes to post irradiation patho-
physiology was alsoinvestigated in human lympohocytes (?). The 
findings were comparable to microarray analyses, which revealed 
altered expressions of a variety of cytokine genes. The results 
obtained in this study would, hopefully, provide us with functional 
relevance of early biomarkers of exposure. 
The study is supported Defence Innovative Research Programme, 
Defence Science and Technology Agency, Singapore. 
 
POS02-10. Assessment of total- and partial-body irradiation in a 
baboon model: a kinetic multiparameter study of chromosomal 
aberrations and hematological, biochemical and genomic 
parameters. Hérodin F,1 Richard S,1 Grenier N,1 Mouret C,1 
Peinnequin A,1 Baugé S,1 Denis J,1 Gouard S,1 Drouet M,1 Larsson C,2 
Boulay-Greene H,2 Abend M,3 Blakely W,4 and Darroudi F.5  
1Institut de Recherche Biomédicale des Armées, La Tronche, France ; 
2Defence R & D Canada Ottawa, Canada; 3Bundeswehr Radiobiologie 
Institut, Munich, Germany; 4Armed Forces Radiobiology Research 
Institute, Bethesda, USA; 5Leiden University Medical Center, Leiden, 
The Netherlands. 
 
Purpose: To investigate in irradiated baboons the efficacy of a kinetic 
multiparameter approach (i.e. clinical, physical and biological 
dosimetry) for discriminating partial-body irradiation (PBI) from 
total-body irradiation (TBI) at both diagnostic (dose and heterogeneity 
of radiation exposure) and prognostic (severity of injury) levels. 
Materials and Methods: After approval of the Army Medical Service 
Ethics Committee, anesthetized baboons were unilaterally (front) 
exposed to a source of 60 Cobalt gamma-rays (dose rate 8 to 32 
cGy/min) either TBI or left hemi-body irradiated (HBI) as follows: 2.5 
Gy TBI (n=2), 5 Gy TBI (n=2), 5 Gy HBI (n=2) and 10 Gy HBI 
(n=2). Average free-in air doses were measured with an ionization 
chamber at the anterior iliac crest level and body dosimetry was 
performed using thermoluminescent or optically stimulated 
dosimeters. For HBI, the dose received by the left side was less than 
6% that received by the left side. Blood samples were collected at 
different times after exposure, i.e. from 1 hour until 200 days. More 
than 50 parameters were analyzed including clinical status, blood cell 
count, biochemical parameters, genomic parameters and cytogenetic 
analysis (the latter at 1, 6, 24 hours, 28 days and 200 days after 
irradiation). Statistical analysis using a non linear iterative partial least 
square algorithm is in progress. 
Results and conclusion: Reference biodosimeters such as the dicentric 
chromosome assay may not distinguish PBI from TBI when 
equivalent whole-body doses are similar and the time of exposure is 
sufficient for peripheral blood homogenization. Such confounding 
situations need more discriminating biodosimeters / biomarkers. In 
our study, as expected, the shielding of 50% bone marrow prevented 
aplasia to happen and hematologic parameters contributed to 
discriminate HBI and TBI. Moreover, some parameters may be 
discriminant as biodosimetric markers such as neutrophils to 
lymphocytes ratio, creatine kinase and citrullin levels, and 
mitochondrial DNA. Platelet count and Flt-3 ligand levels may be 
good markers of injury. 
Both early and more delayed assessment of clinical and biological 
status is required for reliable discrimination. Further work is in 
progress, in particular through ongoing international collaborations, 
for comprehensive interpretation. 
 
POS02-11. Gamma-H2AX-based dose estimation for whole and 
partial body exposures of ex vivo X-irradiated human 
lymphocytes. Simon Horn1, S. Barnard2, K. Rothkamm2, 1: Health 
Protection Agency , UK 2: Health Protection Agency, UK 
 
Most human exposures to ionising radiation are non-uniform, and 
detailed information about partial body doses and irradiated fraction 
size is important to enable appropriate clinical management. To date, 
however, only limited tools are available for rapid and accurate 
estimation of these parameters. Here, γ-H2AX immunofluorescence 
microscopy and flow cytometry were tested as rapid biodosimetric 
tools for whole and partial body exposures. 
Uniformly X-irradiated blood lymphocytes from one donor were used 
to generate a universal biexponential calibration function for γ-H2AX 
foci/intensity yields per unit dose for time points up to 96 hours post 
exposure. Foci – but not intensity – levels remained significantly 
above background for 96 hours post a 0.5 Gy exposure. Foci-based 
dose estimates for X-irradiated blood samples from 13 volunteers 
ranged between 0.43-0.56 Gy (mean 0.51 Gy) for a 0.5 Gy exposure at 
30 minutes and 2.9-4.7 Gy (mean 3.6 Gy) for a 4 Gy exposure at 24 
hours respectively. Flow cytometric dose estimates in 9 donors varied 
between 0.43-0.53 Gy (mean 0.49 Gy) for a 0.5 Gy exposure at 30 
minutes and 3.0-3.8 Gy (mean 3.5 Gy) for a 4 Gy exposure at 24 
hours respectively. 
To simulate partial body exposures, irradiated and unirradiated 
lymphocytes were mixed in fractions of 10%, 50% and 90% and γ-
H2AX foci/intensity measured at 1 and 24 hours post 0.5 and 4 Gy 
exposure. Foci/intensity distributions were modelled on Poisson 
distributions and significant overdispersion was found in samples 
containing a mixture of irradiated and unirradiated lymphocytes but 
not in unirradiated or uniformly irradiated lymphocytes. For both 
methods and in all cases the estimated fraction of irradiated 
lymphocytes and dose to that fraction, calculated using the zero 
contaminated Poisson test and γ-H2AX calibration curves, were in 




In conclusion, γ-H2AX analysis of irradiated lymphocytes enables 
rapid and accurate dose estimations for at least 24 hours post exposure 
while foci levels remain elevated for several days after irradiation to at 
least 0.5 Gy of X-rays. Dispersion analysis of foci/intensity 
distributions helps determine partial body doses and the irradiated 
fraction size in cases of non-uniform exposures. 
 
POS02-12. Studies on Application of DNA Repair Competence 
Assay as a Screening Test in Biological Dosimetry. Justyna 
Miszczyk1, A. Panek1, Z. Drąg2, Z. Rudek1, A. Cebulska-Wasilewska1, 
1: Radiation and Environmental Biology Department, Institute of 
Nuclear Physics, Poland 2: Institute of Sociology, Jagiellonian 
University, Poland 
 
In case of accidental mass exposure to ionising radiation there is a 
strong needs to estimate possible effects on population in a very short 
time. It seems that it would be beneficial to establish the method that 
would allow rapidly to screen and stratify their radiated population in 
order to find individuals at the highest risk for biological retrospective 
dosimetry with chromosome aberrations (CA) technique. 
The aim of presented study was to find out whether the DNA repair 
competence test with the application of SCGE (single cell gel 
electrophoresis) technique, known also as the Comet Assay, and X-ray 
challenging dose can be used for biological dosimetry purposes. 
To simulate in vitro a potential accidental exposure‘ conditions, blood 
samples and isolated lymphocytes, were irradiated with various doses 
from 0 to 4 Gy of X-rays. Then blood samples underwent culturing for 
classic (CA) and molecular (FISH) cytogenetic procedures, while 
isolated lymphocytes after 1 hr of incubation, were irradiated another 
time with a challenging dose of 2 Gy.  The DNA damage was detected 
with the alkaline version of comet assay before, then immediately 
after first and second irradiations and subsequently again after period 
allowing cells to proceed with fast DNA damage repair (40 min of 
incubation).  
There was a linear-quadratic dose-response curve (R2 = 0,99 and R2 = 
0,99 for TDNA and TM parameters respectively) after the first 
irradiation. DNA damage detected by Comet parameters revealed a 
linear correlation with frequency of the stable (translocations by 
FISH) and unstable chromosome aberrations (CA) (R2 = 0,92 and R2 = 
0,91 for TDNA and TM respectively). Linear-quadratic relationship 
was also obtained after additional challenging dose (R2 = 0,98 and R2 
= 0,99 for TDNA and TM respectively). To estimate the DNA damage 
repair, we also investigated the residual DNA damage (RD) after 
various doses of radiation. There was a linear-quadratic relationship 
between RD and applied doses (R2 = 0,91 and R2 = 0,90 for TDNA 
and TM respectively) and linear correlation between frequencies of 
the unstable chromosome aberrations (dicentrics and rings) (R2 = 0,88 
and R2 = 0,81 for TDNA and TM respectively). 
Obtained results revealed a high association between results of the 
DNA repair competence assay and molecular and classic cytogenetic 
biomarkers of cancer risk, that confirm a possible application for 
biological dosimetry as a rapid bioindicator, that could be applied to 
identify the most exposed members in the population at risk. 
Acknowledgments: The research was partially supported by grants: 
\"Studies on individual susceptibility to radiation-induced damages, 
DNA repair and instability of human chromosomes in lymphocytes of 
patients diagnosed or treated with radioiodine‖ (0296/B/P01/2008/35) 
and the National Atomic Energy Agency in Poland \"Development of 
measurement procedures and creation of the position for rapid 
diagnosis of retrospective dosimetry\" (ZP No. 11/2008). 
 
POS02-13. Optimization of calyculin A-induced PCC assay for 
chromosome aberration studies. Tomisato Miura1, A. Nakata2, M. 
A. Yoshida2, W. F. Blakely3, 1: Department of Biomedical Sciences, 
Hirosaki University Graduate School of Health Sciences, Japan 2: 
Department of Radiation Biology, Institute of Radiation Emergency 
Medicine (IREM/HU), Hirosaki University 3: Armed Forces 
Radiobiology Research Institute (AFRRI), USA 
 
Background: Calyculin A-induced premature chromosome 
condensation (PCC) assay is a simple and useful method to assess 
both cell-cycle distribution as well as structural and numerical 
chromosome aberrations in cells while in interphase (non mitotic cell-
cycle phase). Treatment with CA (50 nM) for 60 min, which is 
typically used in these studies, however, results in the induction of 
fuzzy compactness and shortened length chromosomes. 
Methods: In this study, an optimization of calyculin A exposure on 
chromosome morphology and PCC induction frequency was 
investigated using a human peripheral blood lymphocyte (PBL) ex 
vivo irradiation (60 Co-γ rays;  ~0.6 Gy/min; 0 to 30 Gy)  model. 
Morphological criteria for assessment of chromosome compactness 
and length were established to evaluate calyculin A effects. 
Results: Treatment with calyculin A (50 nM) for 15- and 30-min 
resulted in 11.3- and 9.9-fold increases in the frequency of G2/M-PCC 
cells with extended length chromosomes compared to the 60-min 
treated group over a broad dose range (0 to 20 Gy), respectively. The 
G2 /M-PCC scoring index per PCC in 15- and 30-min treated groups 
was increased by 1.9 and 1.8 compared to the 60-min treated group 
over 0 to 20 Gy, respectively. The G2 /M-PCC efficiency of 30-min 
treated group was highest in the three conditions (i.e., 15-, 30-, and 
60-min treatment) of calyculin A exposure. 
Conclusion: Calyculin A treatment for 30 minutes before the 48-h 
harvest of mitogen-stimulated human PBL is optimum for the 
formation of suitable chromosome morphology necessary to assess 
structural chromosome aberrations induced by exposure to radiation 
using the chemical induced-PCC assay. 
 
POS02-14. Hematological changes as prognostic indicators of 
survival in irradiated minipigs. Maria Moroni, E. Lombardini, R. 
Salber, M. Kazemzadeh, V. Nagy, M. H Whitnall, Armed Forces 
Radiobiol Res Inst, USA 
 
For advanced development of radiation countermeasures, the FDA‘s 
Animal Efficacy Rule highlights the need to develop alternative large 
animal models.  The rule specifies that the pathophysiology of the 
disease in the animal model must be well-characterized and must 
reflect that in humans. So far, manifestations of the acute radiation 
syndrome (ARS) have been characterized extensively in two large 
animal models, non-human primates (NHP) and canines; we are 
evaluating the suitability of the minipig as an additional model. We 
previously showed the Gottingen minipig manifests hematopoietic 
ARS phases and symptoms similar to those observed in canines, NHP, 
and humans. We establish here the LD50/30 radiation dose (bilateral 
whole-body gamma, 0.6 Gy/min), and we show that at this dose the 
time of nadir and the duration of cytopenia resemble those observed 
for NHP and canines, and mimic closely the kinetics of blood cell 
depletion and recovery in human patients assigned to the 
hematopoietic category H3 (METREPOL severity classification). No 
signs of GI damage in terms of diarrhea or shortening of villi were 
observed. Duration of thrombocytopenia, platelet counts at selected 
time points and the C-Reactive Protein-to-platelet ratio were 
significant predictive signs of whether or not animals would survive. 
The ratios between neutrophils, lymphocytes and platelets were 
significantly correlated with exposure to irradiation at specific time 
intervals. We conclude that the Gottingen minipig is a valid model to 
study the hematopoietic syndrome of the ARS. Supported by an award 
from NIAID to MW. 
 
POS02-15. Optimization of the protein phosphatase-inhibitors 
(okadaic acid) treatment in premature chromosome condensation 
(PCC)-ring method for biodosimetry of accidental high dose 
exposure. Akifumi NAKATA1, Y. SATOH2, K. SHIBUTANI2, H. 
ICHIKAWA2, T. MIURA2, M. A. Yoshida1, 1: Department of 
Radiation Biology, Institute of Radiation Emergency Medicine 
(IREM/HU), Hirosaki University, Japan 2: Graduate School of Health 
Sciences, Hirosaki University, Japan 
 
The dicentric chromosome is used as the most reliable biological 
marker for dose estimation in the cases of accidental exposure by the 
radiation. However, it is difficult to apply the conventional dicentric-
metaphase assay in the case of high dose exposure to ionizing 
radiation over the lethal dose. Because, such high dose exposure to the 
radiation induces the mitotic delay and apoptosis resulting in poor 
mitotic index. In order to estimate accurately the radiation dose in 
high dose exposure, the PCC (premature chromosome condensation) 
method which induces the DNA condensation in the interphase cell 
resulting in the chromosome formation has been developed and a ring 
chromosome is recommended as chromosome aberration used for 
biodosimetry in the cases of high dose radiation exposure. Although 
protein phosphatase inhibitors such as okadaic acid and calyculin A 
can induce PCC in any phase of the cell cycle, the mechanism of PCC 
and the influence of reagents on the chromosome condensation have 
not been elucidated sufficiently yet. Therefore, it is necessary to 
evaluate the effect of the reagents for the dose estimation in the case 
of accidental high dose exposure. The aim in the present study is to 
optimize the okadaic acid treatment which induces PCC for 
biodosimetry. PCC frequency and the degree of chromosome 
condensation were investigated in non-irradiated and X-ray irradiated 
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lymphocytes by various treatment time and concentration of okadaic 
acid. It was found that the frequency of PCC in the cell irradiated by 
10 Gy of X rays was lower than that in non-irradiated cells and the 
optimized condition was one hour treatment with 1000 nM of okadaic 
acid. Furthermore, the highly condensed chromosomes were 
frequently identified according to the increase of the concentration and 
treatment time of protein phosphatase inhibitors. These results in the 
present study indicate that the protein phosphatase inhibitors have 
some influences on the chromosome morphogenesis. Further study 
will be necessary to optimize the condition of other protein 
phosphatases inhibitors treatment. 
 
POS02-16. NIH/NIAID Radiation/Nuclear Medical 
Countermeasures Research and Development Program. Narayani 
Ramakrishnan, M. Norman, A. DiCarlo, D. Cassatt, F. Macchiarini, L. 
Davies, B. Maidment, National Institute of Allergy and Infectious 
Diseases, USA 
 
The NIH/NIAID medical countermeasures program develops devices 
and drugs to diagnose, mitigate and treat acute and delayed radiation 
injury to several physiological systems that can result from accidental, 
intentional radiation exposure and/or radiation therapy. It is a basic 
and translational research program with a strong emphasis on product 
development. Several grants, contracts and interagency agreements are 
funded through this program. Significant advances have already been 
made in the development of medical countermeasures for the 
mitigation/treatment of radiation-induced hematopoietic, 
gastrointestinal, lung and skin injuries. Several high-throughput 
biodosimetry techniques and devices are being developed for prompt 
and accurate individual radiation dose- assessment.  These include 1) 
high-throughput, robotics-controlled automated image acquisition 
systems capable of analyzing 30,000 samples per day; 2) a 
biodosimetry tool with a fully integrated biochip and an integrated 
micro/nanofluidic cartridge that can perform whole-blood microarrays 
for radiation-injury-specific gene expression signatures; 3) a portable 
biodosimeter based on radiation-induced metabolomics expression 
signatures; and 4) a portable EPR dosimeter using nails, hair and 
tooth. The projects are conducting basic research to identify 
biomarkers of radiation damage as well as developing devices and 
treatment strategies, and translate basic knowledge to medical 
products for public use. 
 
 
POS02-17. Dynamics of apoptosis in γ-irradiated B human 
lymphocytes. Zuzana Sinkorova1, L. Zarybnicka1, L. Matoskova1, A. 
Tichy1, J. Pejchal1, J. Sinkora2, J. Vavrova1, 1: University of Defence, 
Faculty of Heath Sciences, Czech Republic 2: Becton Dickinson, 
Prague, Czech Republic 
 
Introduction : The dynamics of apoptosis progression has been studied 
in human PBMC irradiated with selected doses (0.5, 1, 2, 4, 6, 8 and 
10 Gy) of 60Co γ rays and  subsequently cultivated for 16 hr in vitro. A 
dose-dependent increase and decrease of shrunk and intact cells, 
respectively, has been observed in the range of 0.5 - 4 Gy while higher 
doses have not affected the relative numbers of intact and apoptotic 
cells. The relative number of early apoptotic cells did not change 
within the dose range studied. Immunophenotyping of intact and very 
early apoptotic cells have indicated that the remaining intact cell 
represent the most convenient population for radioresistance studies in 
vitro. The CD21+CD27+ subset of peripheral B-cells has been 
confirmed as a useful biodosimetric marker in vitro. Materials and 
Methods: Peripheral blood mononuclear cells (PBMC) from ten 
healthy volunteer donors were sham-treated or irradiated with the 
doses of 0.5; 1; 2; 4; 6; 8 and 10 Gy and cultivated 16 hr in humidified 
atmosphere at 37o C. Than the cells were harvested and  stained with 
monoclonal antibodies (CD21/APC,CD27/PEDy590, CD38/PEDy747 
and Annexin V-FITC in parallel. Acquisition and analysis were 
performed using the Summit (Beckman Coulter) software. Results: 
We have identified three major populations of PBMC based on their 
size and Annexin V binding and compared their relative numbers in 
irradiated and subsequently cultivated (16hr) samples. We have 
documented the relative increase in numbers of the shrunk cells with 
the high Annexin V binding capacity with an increasing irradiation 
dose. This has been paralleled by a decrease of the proportion of 
intact, Annexin-negative cells. The proportion of the Annexin 
V+ normally sized PBMC population has not changed with an 
increasing irradiation dose. At the earliest apoptotic stage detectable 
by surface phosphatidyl exposure, surface antigen expression is not 
affected and no non-specific binding of monoclonal antibodies due to 
the loss of cell surface integrity can be detected. As apoptosis 
progresses and the cells bind more and more Annexin V, surface 
marker expression decreases.  No reliable biodosimetric information 
has been contained in the CD38 expression,   whilst the combination 
of CD21 as a surface marker of a major peripheral B cell subset with 
CD27 has revealed a biodosimetric potential of the 
CD21+CD27+ B-cell subset. Conclusion: The ratio of intact, Annexin 
V-negative cells to the proportion of shrunk cells has proven to have 
some biodosimetric potential. We have confirmed that the CD27+ B-
cell subpopulation and its CD21+CD27+ subset may represent 
promising biodosimetric markers. 
 
POS02-18. Induction and persistence of cytogenetic damage in 
cultured peripheral blood lymphocytes following 15 Gy gamma-
irradiation. Yumiko Suto1, M. Akiyama1, M. Hirai1, M. Yuki2, T. 
Tominaga1, F. Nakayama3, T. Suzuki1, N. Sugiura1, M. Akashi1, 1: 
Research Center for Radiation Emergency Medicine, National 
Institute of Radiological Sciences, Japan, 2: Tokyo Nuclear Services 
Co., Ltd., 3: Research Center for Charged Particle Therapy, National 
Institute of Radiological Sciences, Japan 
 
In the conventional dicentric chromosome assay (DCA), the linear-
quadratic dose response equation has been established for doses less 
than 6 Gy.  At higher doses, DCA does not provide accurate dose 
response relationships due to mitotic delay, poor mitotic index and a 
high proportion of complex chromosomal aberrations.  In case of 
partial body exposure, however, induction and transmission of 
chromosomal damage at high dose irradiation should be analyzed to 
assess the biological effects of radiation.  The objective of this work is 
to characterize chromosomal aberrations induced by high-dose 
irradiation in cultured lymphocytes. 
Peripheral blood samples were exposed to 15 Gy gamma-ray (60Co 
source, 0.51 Gy/min).  Isolated lymphocytes were cultured in 
RPMI1640 medium supplemented with 20% fetal bovine serum, 2% 
phytohaemagglutinin and 30 mM bromodeoxyuridine (BrdU).  Cells 
were harvested at 48 h, 50 h, 52 h, 54 h, 56 h, 72 h and 96 h after 
culture initiation.  For the 72 h sample, multicolor fluorescence in situ 
hybridization (M-FISH) was conducted to analyze complex 
chromosome aberrations. 
The first mitotic peak appeared at 52-54 h.  Interestingly, cells 
containing aberrant chromosomes with as many as 8-10 centromeres 
were observed.  Average dicentric equivalent count per cell ranged 
from 9.0 to 9.5 in 48 h – 56 h samples.  In the 72 h sample, 20% of the 
dividing cells were in the 2nd metaphase.  It should be noted that 70% 
of the 2nd metaphase cells were tetraploid cells including 
endoreduplicated cells.  The high degree of polyploidy noted in our 
material suggests that irradiation may exert an effect on the replication 
process, in addition to the structural damage.  M-FISH analyses 
revealed that in certain cells, aberrant chromosomes were accurately 
replicated in the polyploidization process.  In the 96 h sample, cells at 
the third metaphase with octaploid chromosomes were found. 
In conclusion, a certain population of peripheral blood lymphocytes 
was found to transit to the second and even third mitoses after high-
dose in vitro irradiation, persisting with severe chromosome 
aberrations.  The occurrence of polyploidization and 
endoreduplication following high-dose irradiation described here 
validated the reported fact that after high dose radiotherapy, tetrapliod 
cells were observed in the circulating blood of patients. 
 
POS02-19. Space radiation effects on human cultured cells in an 
International Space Station at Kibo module. Akihisa 
TAKAHASHI1, H. SUZUKI2, K. OMORI3, M. SEKI4, T. 
HASHIZUME4, T. SHIMAZU2, N. ISHIOKA3, T. OHNISHI5, 1: 
Gunma University, Japan, 2: Japan Space Forum, 3: Japan Aerospace 
Exploration Agency, 4: Advanced Engineering Services Co., Ltd., 5: 
Nara Medical University, Japan 
 
To clarify the biological effects of space environment, especially 
space radiations, a proposal of ―Rad Gene‖ were performed as the first 
life science experiment with two human lymphoblastoid cell lines 
bearing wild-type p53 gene (wtp53) and mutated p53 gene (mp53) in 
an International Space Station (ISS) for 133 days.  We scheduled four 
projects: (1) DNA damage induced by space radiations including the 
high linear energy transfer (LET) particles was detected as a track of 
phospho-H2AX foci in the nuclei of these frozen cells. (2) To examine 
the biological effects of microgravity and space radiations on gene and 
protein expression of p53-dependent regulated genes, these cells were 
grown under microgravity and 1 gravity in ISS, and on ground for 8 
days and analyzed by DNA and protein arrays. (3) p53-Dependent 
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regulated genes were analyzed in the cultured cells after spaceflight at 
frozen state exposed to space radiations. (4) To clarify the effects of 
space radiations on the radio-adaptive response, the space flown cells 
at frozen state were cultured, and then exposed to challenging X-ray 
irradiation doses. All of the radio-adaptive responses of cell killing, 
apoptosis, chromosomal aberrations and mutations were found only in 
wtp53 cells, but not in the mp53 cells.  It is expected that data from 
the space experiments will be helpful in designing physical and 
biological protection from the deleterious effects of space radiations 
during long term stays in space. 
 
POS02-20. A new system for analyzing the ionizing irradiation-
induced chromosome abnormalities. Satoshi Tashiro1, L. Shi2, k. 
Fujioka2, M. Ohtaki2, 1: HIroshima University, Japan 2: Hiroshima 
University, Japan 
 
Analysis of chromosome aberrations in human peripheral blood 
lymphocytes is the most established method for the biological 
dosimetory in radiation emergency medicine. Analysis of metaphase 
spreads with Giemsa staining, however, requires skilled person 
because of difficulty to identify abnormal chromosomes. Fluorescence 
in situ hibridization (FISH) analysis of abnormal chromosomes makes 
it easy to identify chromosome abnormalities, but requires aging for 
more than two days. Here, we established a FISH analysis using 
telomere and centromere PNA probes to obtain bright signals for the 
analysis of abnormal chromosomes in the irradiated peripheral blood 
lymphocyte without aging. Good agreement on the percentage of 
metaphases with dicentric chromosome after irradiation from 0 Gy to 
15 Gy was observed between conventional Giemsa staining and FISH 
analysis. The percentage of metaphase with tricentric or multicentric 
chromosomes from lymphocytes irradiated at high dose (≧8Gy) 
detected by FISH was higher than that by Giemsa staining analysis. 
This could be due to the difficulty to precisely identify multiple 
centromeres in Giemsa stained chromosomes. The FISH analysis 
using centromere/telomere PNA probes may become a easy and 
reliable method for the biological dosimetory in radiation emergency 
medicine. 
 
POS02-21. Gender modifies the time- and dose-dependent urine 
response to total body ionizing radiation in rats. John B. Tyburski1, 
E. C. Laiakis1, T. D. Mak1, J. F. Kalinich2, A. J. Fornace Jr3, 1: 
Georgetown University Medical Center, USA 2: Armed Forces 
Radiobiology Research Institute 3: Lombardi Comprehensive Cancer 
Center, USA 
 
BACKGROUND: Ongoing efforts involving radiation metabolomics 
in mice, rats, and more recently in rabbits have yielded a number of 
urine ions that serve as markers in assessing exposure to ionizing 
radiation. The ultimate goal of these efforts is to have a panel of 
human urine metabolites that can be measured with field-deployable 
instruments in the event of nuclear catastrophe or hostile use of 
radiological weapons. Currently, biodosimetry technology for 
determining absorbed dose of ionizing radiation exposures is limited. 
Moreover, animal model studies thus far have focused on male 
subjects for simplicity‘s sake. OBJECTIVE: We determined whether 
gender modifies the urine small molecule profile responses to 
radiation exposure in rats. METHODS: Twenty-four-hour urines were 
collected from age-matched adult male and female rats before and at 
24, 48, and 72 h after doses of total body gamma radiation ranging 
from 0.5 to 10 Gy. In addition, a 6-h urine was collected from a subset 
of rats immediately after exposure. All samples were analyzed by 
Ultra-Performance® Liquid Chromatography coupled to Time-of-
Flight Mass Spectrometry in both positive and negative electrospray 
ionization modes. Principal components analysis (PCA) was used to 
explore differences between the radiation response in female versus 
male urine samples, and known as well as novel or unknown 
radiation-responsive ions were examined. RESULTS: Scores from 
PCA revealed that at sublethal doses, gender exerts a stronger 
differentiating effect than does radiation exposure and that the 
exposure diminishes the gender differences in urine metabolite 
profiles. Inspection of concentrations of known urinary radiation 
biomarkers revealed that the magnitude of change in excretion of 
some ions following exposure was either greater or lesser in females 
compared with males. Finally, pre exposure concentrations of some 
radioresponsive ions were different, depending on gender. 
CONCLUSION: As expected, gender is a key determinant in urine 
metabolite profiling, and evidence from radiation metabolomics 
suggests that gender modifies the urinary responses to radiation 
exposure. These results highlight the importance of determining 
gender-specific ranges for normal and exposure-associated 
concentrations of radiation biomarkers in urine and other biofluids. 
 
POS02-22. Comparison of γH2AX foci and micronuclei induced in 
lymphocytes of patients treated with IMRT, IMAT or RapidArc 
therapy for prostate cancer. Joke Werbrouck1, P. Ost2, G. De 
Meerleer2, A. Vral1, H. Thierens1, 1: Ghent University, Belgium 2: 
Ghent University Hospital, Belgium 
 
Introduction: The induction of secondary malignancies by 
contemporary radiotherapy (RT) techniques used for treatment of a 
patients‘ primary tumour is a matter of debate. Modern rotational RT 
techniques such as Intensity Modulated Arc Therapy (IMAT) and 
RapidArc are hypothesized to increase the cancer risk compared to 
Intensity Modulated Radiation Therapy (IMRT) because of exposure 
of larger volumes of healthy tissue to low radiation doses. We 
investigated whether rotational techniques are associated with a higher 
risk for the development of secondary cancers compared to IMRT by 
measuring the IR induced double-strand-breaks (DSB) and the 
resulting chromosomal damage in lymphocytes of prostate cancer 
patients. Moreover, the association between the number of γH2AX 
foci and micronuclei (MN) induced by RT was examined. 
Experimental procedures: The foci and MN assay were performed to 
determine the IR induced DSB and chromosomal damage in 19 
prostate cancer patients, treated with IMRT (n=6), IMAT (n=5) or 
RapidArc (n=8). Two blood samples were taken before and after the 
1st fraction of RT. Following the 3rd fraction, an additional blood 
sample was taken for the MN assay. Foci and MN were scored semi-
automatically using the Metafer system (MetaSystems). The 
equivalent total body dose (DETB) with exclusion of the tumour 
volume was calculated for each patient based on the treatment 
planning (DVH). 
Summary: Patients treated with IMAT (highest mean DETB), showed 
the highest level of foci after the 1stfraction and MN after the 
3rd fraction. The difference in IR induced foci is not that clear for the 
IMRT and RapidArc patients despite a somewhat higher DETB after 
RapidArc therapy. The latter induced more MN compared to IMRT. 
For the complete population, the IR induced foci and MN show 
respectively a linear and linear-quadratic response as a function of 
DETB. A linear-quadratic fit to MN versus foci data showed a 
satisfactory correlation (R2= 0,89). In vivo foci and MN yields as a 
function of the calculated DETB were higher than expected from the in 
vitro dose response. This can be explained by the contribution of 
scattered radiation to the whole body exposure, not taken into account 
in the DETB calculations. 
Conclusion: IMAT shows the highest levels of both biomarkers. RT 
induced MN versus foci shows a good linear-quadratic correlation. 
 
POS02-23. The optimisation of a finger-prick blood collection 
method for the gamma-H2AX assay: potential application in 
population triage. Maria Wojewódzka, A. Lankoff, M. Kruszewski, 
Institute og Nuclear Chemistry and Technology, Poland 
 
Accurate methods for measuring the biological effects of radiation are 
critical for estimating the health risk from radiation exposure. The 
gamma-H2AX foci scoring assay seems to be the most sensitive to 
ionizing radiation. The aim of our study was to optimize a finger-prick 
blood collection method for the automated gamma-H2AX assay in 
relation to various blood storage conditions. 
Peripheral whole blood was collected from five healthy volunteers. 
For each donor, blood samples were irradiated with 250 kV X-rays (0, 
0.2, 0.4, 0.6, 0.8, 1, 1.5, 2, 3, 4 Gy). After irradiation, one set of 
samples was incubated at 37ºC for 30 min. Three others sets of 
samples were incubated at 0ºC, 4ºC and 37ºC for 24 h, followed by 30 
min incubation at 37ºC. Blood samples (50 µl) were mixed with 900 
µl of medium and loaded into eppendorf tubes containing 100 µl of 
Histopaque 1077. The samples were spun two times at 2000 rfc for 3 
min. The cells were spotted onto slides with a cytospin at 490 rfc for 
10 min, fixed in methanol for 5 min and permeabilized/blocked in 
KCMT buffer (120 mM KCl, 20 mM NaCl, 10 mM Triton, 1 mM 
EDTA) containing 2 % BSA and 10 % low fat milk for 1 h at RT. The 
cells were incubated with monoclonal gamma-H2AX antibody for 1 h, 
washed in PBS and incubated with FITC-conjugated goat anti-mouse 
secondary antibody for 45 min at RT. Slides were mounted with DAPI 
Vectashield and analyzed with an automated image acquisition and 
analysis system Metafer (Metasystems, Germany). 
Our results revealed that the number of gamma-H2AX foci was 
linearly associated with the radiation dose. The number of gamma-
H2AX foci obtained for samples scored 30 min after irradiation was 
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comparable with this for samples incubated at 0ºC for 24 h after 
irradiation. We were unable to analyze the number of gamma-H2AX 
foci in cells incubated at 4ºC and 37ºC for 24 h due to the poor 
staining quality. 
To conclude, our finger-prick blood collection method for the gamma-
H2AX assay allows to obtain reproducible and quantitative results 
using small aliquots of blood and appears to have a potential use for 
rapid population triage in case of a large scale radiological event. 
This work was supported by grant number WND-POIG.01.03.01-14-
054/09 
 
POS02-24. MITOCHONDRIAL MEMBRANE POTENTIAL 
ANALYSE WITHIN THE FRAME OF BIODOSIMETRIC 
STUDIES. Lenka Zarybnicka1, Z. Sinkorova1, Z. Krocova1, J. 
Sinkora2, 1: Faculty of Military Health Sciences, University of 
Defence, Czech Republic 2: Becton Dickinson, Prague, Czech 
Republic  
 
Biodosimetric studies are concerned with the ionizing irradiation and 
with its effect on cells and organisms, in general. New methods 
focused on the assessment of doses absorbed by organisms are on the 
top of interest and new ways for dose estimate still have been 
searched. It is generally known that radiation interacting with cells 
induces DNA breaks which may result in the apoptosis induction. So 
detection and measuring an apoptotic cells rate can correlate with the 
absorbed dose of irradiation. The mitochondrial permeability 
transition which is connected with the loss of mitochondrial 
membrane potential (MMP) belongs to the important sign of cell 
apoptosis. This early apoptosis period can be detected by the 
lipophilic dye JC-1 belonging to a group of mitochondrial potential 
sensors. This cationic dye exhibits potential-dependent accumulation 
in mitochondria, where forms red fluorescent J-aggregates. The 
downtrend of mitochondrial transmembrane electrical potential is 
followed by JC-1 change into cytosol green monomeric form. 
In our study we targeted on the radiosensitive response of porcine 
peripheral blood lymphocytes isolated from whole blood by 
histopaque system (Sigma). The cell suspension was irradiated by 0, 
2, 4, 6, 8, and 10 Gy, respectively, and changes of MMP were 
analyzed in a time frequency of 4, 8, and 24 hours, respectively, after 
irradiation. Before that lymphocytes were immunophenotyped by 
specific monoclonal antibodies which allow us to distinguish 
CD3(+)CD4(+) and CD3(+)CD8(+) T cells. Then the mitochondrial 
membrane sensor JC-1 (Probes) was added at the final concentration 
5 µmol/l, cells were washed by phosphate buffer and analyzed by the 
CyAn ADP flow cytometer (Dako Cytomation). 
The apoptosis inducing cells (low potential cells) were detected as 
green (525 nm) fluorescence intensity increasing and red (590 nm) 
intensity decreasing cell population. Our results show that the number 
of low potential lymphocytes increased with the dose-dependent 
manner as so as with the time after irradiation. The detection of MMP 
changes seems to be suitable and hopeful tool in biodosimetric studies 
which could acquire wide applications within this field. 
This work was supported by grant of Ministry of Defence No. 
OPUOFVZ200809 and by grant of Ministry of Defence 
MO0FVZ0000501. 
 
POS02-25. Enhanced frequency of micronuclei in lymphocytes 
from current as opposed to former uranium miners. Friedo 
Zölzer1, Z. Freitinger-Skalická1, R. Havránková1, Z. Hon2, L. 
Navrátil2, J. Rosina2, J. Ńkopek1, 1: University of South Bohemia, 
Czech Republic 2: Czech Technical University in Prague, Czech 
Republic 
 
Micronuclei can be used as markers of past radiation exposure, but 
few pertinent studies have dealt with alpha radiation. Here we report 
on micronuclei in lymphocytes from uranium miners, comparing some 
that are currently active and others that retired 15 – 20 years ago. 
Their radiation exposure is assumed to come mainly from radon and 
its decay products in the breathing air at the work place. 
Current miners showed a greater micronucleus frequency than former 
miners. This can be attributed to their recent radiation exposure, while 
the smaller frequency in the former miners probably results from the 
disappearance of potentially micronucleus containing lymphocytes 
from the peripheral blood, which is known to occur with a half-life in 
the order of a year. 
For current miners there is a significant correlation between 
micronucleus frequency and effective dose received over the last 12 
months. The dose at which a doubling of the micronucleus frequency 
is observed is around 10 mSv. This is a much smaller dose than would 
usually be expected to be detectable with this test, and raises a number 
of questions about the induction of micronuclei by alpha radiation 
from radon and its decay products. 
These investigations have been supported by the Czech Ministry of 
Education, Youth and Sports within the framework of the National 
Research Program II (NPV II, project 2B08001). 
 
POS02-26. Identification of radiation-specific gene expression 
changes in human PBL after ex vivo irradiation suitable for 
biodosimetric applications. Katja Knops1, S. Boldt2, 
O.Wolkenhauer2, R. Kriehuber1, 1: Department of Safety and 
Radiation Protection, Forschungszentrum Jülich, Germany, 2: 
Department of Computer Science, Systems Biology and 
Bioinformatics Group, University of Rostock, Germany 
 
Introduction: In case of a large-scale radiation accident with 
involvement of individuals without physical dosimeters it is important 
to identify individuals who have received a moderate to high radiation 
dose to ensure proper medical care. As current methods are time-
consuming, a fast and reliable method based on gene expression 
alterations is developed. 
Methods: Human blood from 6 healthy donors (3 male and 3 female; 
belonging to 3 different age classes) was irradiated ex vivo with 0, 0.5, 
1, 2 and 4 Gy (γ-rays, Cs-137). Peripheral blood lymphocytes (PBL) 
were isolated and cultured for 6, 24 and 48 h. At these times RNA and 
proteins were isolated and RNA was applied for processing whole 
human genome DNA-microarrays to analyse expression profiles. The 
most robust altered genes were selected for further qRT-PCR and 
protein expression analysis. To examine the radiation-specificity of 
the candidate genes, PBL were exposed to the DNA-damaging agents 
Paracetamol (25 and 200 µg/ml) and Mitomycin C (0.1 and 0.4 µg/ml) 
for 6, 24 and 48 h and gene expression was accordingly analyzed. 
Results: By a p-value and fold-change driven gene selection 16 genes 
were identified allowing a radiation dose prediction accuracy of 96% 
independently on the time-point post irradiation up to 48 h. For 6 
predictive genes qRT-PCR measurements based on pooled and non-
pooled irradiated samples additionally validated the observed 
radiation-induced gene expression alterations. Furthermore, qRT-PCR 
analysis showed that the strong up-regulation of these genes is highly 
radiation-specific as the up-regulation after irradiation was much more 
pronounced when compared to exposure with Paracetamol or 
Mitomycin C. Protein expression analysis showed only for two genes 
a weak correlation between gene and protein expression after 
irradiation. 
Conclusion: In vitro gene expression analysis in human PBL based on 
whole human DNA-microarray data allowed identifying a rather small 
set of radiation dose predictive and radiation-specific genes with a 
high potential for biodosimetric applications in vivo.  
Funded by Kompetenzverbund Strahlenforschung (KVSF), 
Bundesministerium für Bildung und Forschung (BMBF),  Project No.: 
02NUK005A and 02NUK005D 
 
POS3 Bystander effects 
 
POS03-01. Bystander response to DNA-incorporated I-125 in 
human breast cancer cell cultures depends on cell line. John 
Akudugu, E. Azzam, R. Howell, UMDNJ New Jersey Medical 
School, USA 
 
This study uses a three-dimensional cell culture model to investigate 
bystander cell killing in human breast cancer cells (MCF-7, MDA-
MB-231) treated with 125I-labeled 5-iodo-2‘-deoxyuridine 
(125IdU).  MCF-7 and MDA-MB-231 cells were derived from pleural 
effusions taken from women with invasive ductal carcinoma and 
adenocarcinoma, respectively.  They respectively form metastatic 
xenografts in mice in an estrogen-dependent and independent 
manner.  In the present study, these cells were cultured three-
dimensionally in a Cytomatrix™ carbon scaffold. Cultures were 
pulse-labeled for 3 h with 125IdU to selectively irradiate a minor 
fraction of cells, and simultaneously co-pulse-labeled with 0.04 mM 
5-ethynyl-2´-deoxyuridine (EdU) to identify the radiolabeled cells 
using Click-iT® EdU and flow cytometry.  After thorough washing, 
the cultures were incubated for 48 h.  The cells were then harvested, 
serially diluted, and seeded for colony formation.  Aliquots of cells 
were subjected to flow cytometry to determine the percentage of cells 
labeled with 125IdU/EdU.  Additional aliquots were used to determine 
the mean 125I activity per labeled cell.  Two experiments were 
conducted for each cell line.  The percentage of labeled cells was 
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about 15% and 10% for MCF-7 and MDA cells, respectively.  This 
created irradiation conditions wherein the cross-dose to unlabeled 
cells was very small relative to the self-dose to labeled cells.  The 
surviving fraction relative to EdU-treated controls was plotted as a 
function of mean absorbed dose to the labeled cells and the data were 
least squares fitted to a two-component exponential 
function.  Resulting survival curves indicated substantial killing of 
MCF-7 bystanders, however, no significant bystander killing of 
MDA-MB-231 cells was observed. These studies confirm the capacity 
of 125IdU to induce bystander cell killing and suggest that the 
bystander response is dependent upon characteristics of the cell line. 
Supported in part by NIH/NCI R01 CA83838. 
 
POS03-02. Targeted and non-targeted effects of low-or high-LET 
radiation. Naroncghai Autsavapromporn1, S. M. de Toledo2, J. Jay-
Gerin3, A. L. Harris4, C. Hua Lui1, Y. Uchihori1, T. K. Hei5, E. I. 
Azzam2, M. Suzuki1, 1: National Institutes of Radiological Sciences, 
Japan, 2: New Jersey Medical School Cancer Center 3: University of 
Sherbrooke 4: New Jersey Medical School 5: Columbia university, 
USA 
 
We investigated the role of gap junction intercellular communication 
(GJIC) in determining the responses of human cells to different types 
of ionizing radiation that differ in their LET properties. We focused on 
the communication of signaling events among irradiated cells and 
between irradiated and bystander cells. 
Confluent cell cultures were exposed to isosurvival doses of protons 
(LET 0.2 keV/um), gamma rays (LET 0.9 keV/um), X rays (LET 2 
keV/um), carbon ions (LET 76 keV/um), alpha particles (LET 122 
keV/um) or iron ions (LET 151 keV/um) under conditions wherein all 
cells are traversed by radiation tracks. Clonogenic survival and 
micronucleus formation were assayed within mintues or longer 
incubation periods after irradiation. As expected, carbon ions, alpha 
particles and iron ions were more effective than protons, gamma rays 
and X rays at inducing cell killing. Holding gamma- proton- and X-
irradiated cells in the confluent state for serveral hours promoted 
increased survival and decreased micronucleus formation. However, 
maintaining cells irradiated with alpha particles, carbon ions or iron 
ions in the confluent state for various times prior to subculture was 
associated with persistent DNA damage and decreased survival. 
Inhibiting gap junction communication with 18-alpha-glycyrrhetinic 
acid, or knockdown of connexin43, promoted against the toxic effects 
during confluent holding. Together, the data indicated that GJIC 
amplifies the toxic effects of high-LET radiations after irradiation, but 
has minimal effects on the net effect of low LET radiations. 
Using microbeam irradiation systems, we have also investigated the 
role of GJIC in modulating DNA damage in confluent irradiated cells 
under conditions by which 0.2% of cells in the population was 
targeted with X rays (LET 6 keV/um) or carbon ions (LET 103 
kev/um). The results show that the propagation of stressful effects 
from irradiated to bystander cells depends on LET and dose, and that 
GJIC promotes the propagation of stressful effects in bystander cells 
exposed to high LET radiations. 
We conclude that radiation quality affects GJIC-mediated propagation 
of stressful effects between irradiated cells and between irradiated and 
bystander cells. Characterizing the nature of the communicated 
molecules would have translational implication in radiotherapy and 
radioprotection. 
 
POS03-03. Responses of bladder transitional cell carcinoma cell 
lines to modulated radiation fields.  Malgorzata Bill, K. 
Butterworth, K. M. Prise , K. McCloskey, CCRCB, Queens University 
Belfast, UK 
 
  Introduction: Bladder cancer is the second most common urological 
malignancy. Conventional treatment includes surgical resection and 
radiation therapy.  Cell signalling between differentially irradiated cell 
populations within the target tumour volume is likely to influence both 
therapeutic outcome and adverse effects. 
Purpose: ―To investigate responses of bladder cancer cell lines to 
uniform and non-uniform radiation fields‖ 
Study design, materials and methods: Bladder urothelial cancer cell 
lines, T24 and HT1376 were investigated along with a DU145 
prostate cancer cell line used as a positive control. Clonogenic cell 
survival assays were performed to quantify survival responses to 
uniform and non-uniform field radiation using 225 kVp X-rays. Non-
uniform fields were produced by shielding 50% of the cell culture 
flask. DNA double-stranded breaks were analysed by gamma-H2AX 
immunohistochemistry. 
Results: HT1376 cells were less sensitive to radiation induced cell 
killing in comparison to T24 or DU145 cells for uniform exposures. 
Cell survival was determined for the exposed and shielded regions of 
the flask in non-uniform fields and compared with the survival 
response in uniform field exposures.  In T24 cells (n=3), survival in 
the shielded region was lower than predicted from the scattered 
radiation dose and saturated at 30% at a scattered dose of 0.06 Gy. 
Cell survival for DU145 (n=3) in the shielded region was also 
significantly lower than predicted and dropped to 50% at the dose of 
0.24 Gy. These responses were prevented by physical inhibition of 
cell-cell communication and indicate a role for bystander signalling. 
HT1376 cells (n=3) showed no significant changes in cell survival 
within the shielded region. 
GammaH2AX foci were used as a biomarker for double strand DNA 
breaks after non-uniform radiation. Changes in foci formation were 
analysed quantitatively and indicated increased foci number after 
radiation (1 Gy) in T24 and DU145 cell lines indicative of increased 
DNA damage within the shielded region. 
Conclusion: The data shows that the modulated radiation exposures 
impact on survival and DNA damage responses. This was related to 
the underlying radiosensitivity of the cells to direct irradiation with the 
most radioresistant cell type showing minimal impact from a 
modulated beam. 
 
POS03-04. The cross-talk between adaptive, bystander and long-
term effects of space radiation: the role of intercellular 
communication. Manuela Buonanno, S. M deToledo, E. I Azzam, 
UMDNJ-NJMS, USA 
 
Exposure of mammalian cells to low dose/low fluence ionizing 
radiation has been shown to elicit phenomena such as genomic 
instability, bystander effects and adaptive responses that impact the 
net biological outcome of the exposure. Here we show that the 
manifestation of these phenomena and their cross-talk in normal 
humancells exposed to space radiation depends on the linear energy 
transfer (LET) of the radiation and involves a prominent role for gap-
junction communication. 
Stressful effects were observed in bystander AG1522 cells that were 
co-cultured with AG1522 cells exposed to high but not low LET 
radiation. Further, these effects persisted in progeny cells for at least 
20 generations. Relative to control, the progeny of bystander cells that 
had been in co-culture with 1 GeV/u iron ions (LET ~151 keV/mm) 
exhibited a reduced cloning efficiency that was associated with higher 
levels of micronuclei, protein oxidation, lipid peroxidation, and 
decreased activity of metabolic and antioxidant enzymes. In C3H 
10T½ mouse embryo fibroblasts, the effect in bystander cells resulted 
in an increase in the spontaneous frequency of neoplastic 
transformation. These stressful effects were not observed when 
irradiated and bystander cells were co-cultured in the presence of gap 
junction inhibitors, or if the irradiated cells were targeted with 1 GeV 
protons (LET ~0.2 keV/mm). 
In deep space, most cells in an astronaut‘s body are likely to be 
traversed by a proton before being hit by a high charge and high 
energy (HZE) particle. When AG1522 human cells were exposed to 
20 cGy from 50 MeV or 1 GeV protons, they were protected from the 
clastogenic effects of a subsequent dose of 50 cGy from 1 GeV/u iron 
ions. Further, exposure to low dose proton irradiation propagated 
signaling events that protected bystander cells from the damaging 
effects of iron ions. The protective effect was transient and decayed by 
24 h. 
Collectively, the data highlight the significance of radiation quality 
and intercellular communication in determining low dose/low fluence 
radiation effects, which may contribute in the assessment of the health 
risks of low dose radiation exposure. 
Supported by Grant NNJ06HD91G from NASA 
 
POS03-05. Determining the impact of area, dose and dose-rate on 
out-of-field cell survival and radiation induced bystander 
responses following exposure to intensity-modulated radiation 
fields. Karl Butterworth, Queens University Belfast, UK 
 
Intensity-modulated radiation therapy (IMRT) is an advanced 
radiotherapy approach in which highly modulated fields are used to 
achieve dose conformity across a target tumor volume. Recent data 
from our laboratory has shown significant alterations in cell survival 
occurring out-of-field which cannot be accounted for on the basis of 
scattered dose. This study aimed to determine the impact of area, dose 
and dose-rate on out-of-field cell survival responses following 
exposure to intensity-modulated radiation fields. 
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Cell survival was determined by clonogenic assay in human prostate 
cancer (DU145) and transformed fibroblast (AG0-1522) cells 
following exposure to different field configurations delivered using a 
X-Rad 225 kV X-ray generator. Uniform survival responses were 
compared to in- and out-of-field responses in which 25 – 75% of the 
cell population was shielded. Dose delivered to the out-of-field region 
was varied from 1.6 – 37.2 % of that delivered to the in-field region 
using different levels of brass shielding. The impact of dose rate on 
response was determined for 0.2 - 4 Gy / min-1 for uniform and 
modulated exposures. 
Survival responses showed little dependence on dose rate and area in- 
and out-of-field with a trend towards increased survival with 
decreased in-field area and decreased survival with decreased out-of-
field area. Out-of-field survival responses were shown to scale in 
proportion to dose delivered to the in-field region and also local dose 
delivered out-of-field. Mathematical modelling of these findings has 
shown survival response to be highly dependent on dose delivered in- 
and out-of-field but not on area or dose rate. 
These data provide further insight into the radiobiological parameters 
impacting on cell survival following exposure to modulated irradiation 
fields highlighting the need for refinement of existing radiobiological 
models to incorporate non-targeted effects and modulated dose 
distributions. This work is supported by Cancer Research UK (Grant 
C1513 / A7047). 
 
POS03-06. Bystander and Direct Effects Induced by Carbon Ions 
in AG01522 Normal Human Primary Fibroblasts as Revealed by 
Micronuclei Induction. Alessandro Campa, F. Antonelli, G. 
Esposito, V. Dini, G. Simone, M. Belli, M. Antonella Tabocchini, 
Istituto Superiore di Sanità, Italy 
 
This study investigated on the ability of medium taken from cultures 
of AG01522 normal human primary fibroblasts irradiated with C-ions 
to induce a response in non irradiated AG01522 cells (medium-
mediated bystander effect). The C-ion beam of the Superconducting 
Cyclotron radiobiology facility at the INFN-Laboratori Nazionali del 
Sud (LNS, Catania, Italy) was used, with E about 45 MeV/u at the cell 
entrance, corresponding to LET about 49 keV/mm. The cell response 
was measured as chromosomal damage observed by the micronuclei 
(MN) formation in binucleated cells using the cytokinesis block assay. 
The damage induced in directly C-ion irradiated AG01522 cells was 
firstly investigated, using graded doses of 0.1, 0.25 and 0.5 Gy. The 
MN induction was almost linear in this dose range. 
For bystander effect measurements, the medium was taken from cell 
cultures irradiated with C-ions at doses of 0.1 or 0.5 Gy, 1 or 5 h after 
irradiation, filtered and added to the non irradiated (―bystander‖) cells. 
A bystander effect around 40 % was observable only on addition of 
conditioned medium taken 5-h after irradiation, with no significant 
difference between the two doses used (0.1 or 0.5 Gy). However, a 
large variability was observed between different experiments. 
To study the involvement of ROS and RNS as early mediators of the 
bystander signaling, DMSO and c-PTIO (scavengers of ROS and NO, 
respectively) were added to the culture 1 h before irradiation. 
Comparison with sham-irradiated cells in the presence and in the 
absence of the scavengers showed that their presence tends to weaken 
the bystander effect observed after addition of the 5-h conditioned 
medium, but the data do not allow to conclude whether this reduction 
is statistically significant. 
The effect of these compounds was also tested in directly irradiated 
cells. They decreased the response by about 20% (DMSO) and 30% 
(c-PTIO), indicating that an indirect action, mediated by ROS and/or 
NO species, may contribute to the chromosomal damage induced by 
C-ions. Even if the results point to a protection of these scavengers in 
both direct and bystander effect, elucidating the specific role of ROS 
and NO for each of these effects needs further investigation. 
We thank the staff of the INFN-LNS. Work partly supported by INFN 
(TENORE project) and by Euratom (Contract No. FI6R-036465, 
NOTE project). 
 
POS03-07. The role of ER stress in radiation-induced bystander 
effects. Jennifer Fazzari, McMaster University, Canada 
 
To address possible mediators of radiation induced bystander effects 
the Endoplasmic Reticulum (ER) and its stress response pathways are 
of interest due the sensitive homeostatic environment of the organelle 
that is prone to physiological perturbations such as hypoxia, oxidative 
stress, abnormal ER calcium content and mutation. Noteably, the ER 
stress response has also been attributed to radiosensitivity and 
radioresistance. Due to the role of reactive oxygen species and 
calcium fluxes in bystander signal production and response, the ER 
proves to be an organelle of interest in further understanding of this 
process.  An initial response to ER stress is activation of the Unfolded 
Protein Response (UPR), triggered by misfolded proteins 
accumulating at the ER. The UPR signals through 3 stress sensors 
located in the ER membrane: ATF6, PERK and IRE1. Upon stress-
induced activation, these sensors mediate a signal transduction 
cascade that activates various survival pathways as well as autophagy 
or apoptosis. JNK is one pro-apoptotic pathway that has been 
independently associated with the bystander effect yet many exist in 
which a correlation has yet to be studied. The goal is to elucidate 
whether the bystander effect is mediated by the ER stress signaling 
cascade through immuno-detection of ER-stress related proteins in 
directly irradiated cultures and those exposed to irradiatied cell 
conditioned media (ICCM) relative to cultures treated with known ER 
stress inducers thapsigargin or tunicamycin. Of primary concern is 
detection of one isoform of XBP-1, a highly active transcription factor 
involved in upregulation of a variety of UPR-related genes and those 
linked to cell signaling and DNA damage pathways. Comparative 
markers of ER stress such as GRP78, eIF2, CHOP, ATF4 and 
caspases can also be used to generate a preliminary expression profile 
that can be followed in subsequent investigation using a variety of 
techniques such as RT-PCR. In addition to giving insight into 
bystander signal production and response, involvement of the ER-
stress response in radiation induced bystander effects will bring to 
light the possibility of tissue-specific bystander responses as mediated 
by established tissue specific ER stress activity. 
 
POS03-08. Synchrotron microbeam radiation of normal rat brain 
increased the expression of proteins known to be present in glioma 
in bystander rat brain hemisphere. Cristian Fernandez1, E. 
Schüeltke2, R. Smith1, E. Bräuer-Krisch3, J. Laissue4, J. Wang5, C. 
Seymour1, C. Mothersill1, 1: McMaster University, Canada 2: 
University of Freiburg 3: European Synchrotron Radiation Facility 4: 
Institut für Pathologie der Universität Bern 5: McMaster Regional 
Centre for Mass Spectrometry, Canada 
 
Microbeam radiation treatment (MRT) is a pre-clinical type of 
radiosurgery developed for brain tumor treatment. MRT uses high flux 
synchrotron x-rays delivered as an array of parallel microbeams in 
high doses of irradiation to tumors in fractions of seconds. Some 
evidence suggests that MRT gives better clinical results than 
homogenous field of radiotherapy but the mechanism is unknown. The 
aim of this study was to investigate weather MRT of normal rat brain 
could produce an adverse or protective effect in non-irradiated tissue 
by analyzing the induction of bystander associated proteins. 
Healthy adult wistar male rats were anesthesiated and exposed to 
either 35 or 350 Gy MRT or to homogenous field of radiation to the 
right brain hemisphere. Then brain and bladder were dissected after 4, 
8 or 12 hours, and samples for proteomics and bystander clonogenic 
assay were taken. 
Clonogenic survival of the reporter HPVG cells showed that bystander 
effects occurred in both the non-irradiated hemisphere and bladder 
tissue. 
Proteomics studies showed that the bystander-associated proteins were 
characterized by A. an increase in the expression of NADH 
dehydrogenase ubiquinone and Glial fibrillary acid proteins, which are 
known to be present in gliomas B. a reduction of the Prohibitin 
protein, which is thought to be a tumor suppressor in humans C. an 
increase on the expression of Heat shock cognate 71kDa protein, 
which is know to be involved in the disassembly of clarithin-coated 
vesicles and D. a decrease on the expression of Tubulin alpha-1A 
chain protein, which is known to be one of the major components  of 
microtubules. 
The results suggest that the MRT irradiation of unilateral normal rat 
brain hemisphere produces bystander signals that may induce tumoral 
transformation of non-irradiated brain cells. Further studies should be 
done to identify how proteins C and D are involved in the 
transformation process. Immunohistochemistry studies are in progress 
to reinforce our findings. 
 
POS03-09. High Charge, High Energy (HZE) particle-induced 
bystander effects: Contribution of secondary particles? Geraldine 
Gonon1, J. Groetz2, M. Fromm3, E. I. Azzam1, 1: Department of 
Radiology, New Jersey Medical School, Cancer Center, USA 2: 
Laboratoire de Chimie Physique et Rayonnements Alain Chambaudet 
(LCPR-AC), UMR CEA E4, Université de Franche-Comté, Besançon, 
France 3: Laboratoire de Chimie Physique et Rayonnements Alain 
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Chambaudet (LCPR-AC), UMR CEA E4, Université de Franche-
Comté, Besançon, France 
 
The induction of stressful effects in bystander cells from cell 
populations exposed to high charge and high energy (HZE) particles is 
relevant to radiotherapy and to estimates of the health risks of space 
radiation. We investigated the kinetics of expression  of stress markers 
in density-inhibited normal human AG1522 fibroblast cultures 
exposed to doses as low as 0.2 cGy from 1 GeV/u iron ions (LET ~ 
151 keV/μm) or 600 MeV/u silicon ions (LET ~ 51 keV/μm) wherein 
only 1-3% of the cells would be targeted through the nucleus. Western 
analyses showed greater increases than expected in the level of 
phospho-TP53 (serine 15) and phospho-ERK1/2 as early as 15 min 
after exposure. Significant increases in the levels of HDM2, 
p21Waf1 could be observed by 1 to 3h after irradiation. Although the 
levels of these proteins decreased at 6h and 24h after exposure, they 
were higher than control. Large increases in oxidative stress as judged 
by protein carbonylation and lipid peroxydation was also observed 
24h after irradiation, suggesting perturbations in oxidative 
metabolism. As well, these stressful effects were also detected when 
the irradiated cell populations were subcultured to lower density 
immediately after the exposure. 
To distinguish irradiated cells from bystander cells, we developed 
glass-bottomed dishes that incorporate a 100 μm CR-39 solid state 
nuclear track detector bonded to the bottom edges of the culture 
surface. The lid of the dishes can be sealed, thus enabling irradiation 
in the presence of growth medium and adequate control of pH. After 
etching of CR-39, cells traversed in the nucleus could be identified 
and stressful bystander effects assessed by markers of DNA damage 
can be evaluated. Greater increases than expected in 53BP1 foci 
formation were observed within 15 min after exposure; they peaked at 
3 h and decreased by 24 h. The contribution of secondary particles as 
calculated by the MNCPX and FLUKA multi-particle transport code 
indicated that they do not appreciably affect the stressful effects 
propagated from irradiated to bystander cells. 
We conclude that exposure of normal human cells to HZE particles 
results in rapid propagation of signals that lead to persistent oxidative 
and DNA damaging effects in bystander cells. 
Supported by Grant NNJ06HD91G from NASA 
 
POS03-10. Radiation-induced bystander effects in normoxic and 
hypoxic conditions in human lung cancer cells. Seema Gupta, S. 
Tubin, M. Ahmed, University of Miami, USA 
 
Purpose: Many cell lines that respire anaerobically do not show 
cytotoxic bystander effects (BE) following irradiation. Further, there 
is no existing data on the acute hypoxia (H)-induced BE. The purpose 
of this study was to investigate the status of radiation-induced BE in 
normoxic (N) and hypoxic conditions as well as acute H-induced 
BE. Methods: Lung cancer cell lines, A549 and H460 were exposed 
either to real H (< 2 % oxygen) for 3 days or incubated in N 
conditions and then irradiated (2 or 10Gy). After 24h, unirradiated 
hypoxic (H-CM) or normoxic (N-CM) conditioned media (CM) and 
irradiated hypoxic (H-RCM) or normoxic (N-RCM) CM was collected 
and cells were incubated with fresh media for another 24h before 
collecting the second respective CM. H-resistant clones of A549 
(hA549) and H460 (hH460) cells were generated by continuous 
exposure of the cells to H. Unirradiated N cells or H resistant clones 
were exposed to H-CM, N-CM, H-RCM or N-RCM and cell growth 
was monitored dynamically using real time cell electronic sensing 
system. Cell survival was assessed by colony forming assays 
(CFA). Results: In the radioresistant A549 cells, although H-CM was 
much more effective in inducing growth delay compared to N-CM, H-
RCM (both 2 and 10Gy) promoted cell growth while 10Gy N-RCM 
significantly induced growth delay. Similar results were obtained by 
CFA. In the radiosensitive H460 cells both N-RCM and H-RCM 
could induce growth delay compared to N-CM or H-CM and CFA 
confirmed the findings. Exposure of cells to direct irradiation (2Gy) 
24h after incubation with CM resulted in complete growth arrest in 
both the cell lines, which was not further enhanced by the RCM. 
Interestingly, effects of N-CM/N-RCM were completely reversed in 
hA549 and hH460 cells. hA549 cells showed more significant growth 
delay than A549 cells when exposed to N-RCM. Effects of H-RCM 
were not significantly different compared to H-CM in hA549 cells. In 
hH460 cells, more growth was observed with N-RCM compared to N-
CM. However, effects of H-RCM and H-CM were similar as observed 
in H460 cells. During the first 48h under real H conditions (24 or 48h 
H-CM), the H-CM promoted slight increase in growth followed by 
significant growth delay at 96h.Conclusions: These results for the first 
time demonstrate that irradiation of H cells and exposing the cells to 
acute H lead to significant BE. 
 
POS03-11. Biological effect of single large doses in breast cancer 
and normal cells: A possible role for a bystander effect. Carsten 
Herskind, B. Zhang, M. R. Veldwijk, F. Wenz, Dept. of Radiation 
Oncology, University Medical Center Mannheim, Germany 
 
Purpose: Application of the total therapeutic dose in a single or a few, 
very large fractions is increasingly used in novel radiotherapy 
techniques such as intraoperative radiotherapy (IORT) or stereotactic 
body radiotherapy (SBRT). The purpose of this work was to study the 
biological effect of large single doses on tumour and normal cells in 
vitro. 
Materials and Methods: Human breast cancer cell lines MCF7, MDA-
MB-231, and human umbilical vein endothelial cells (HUVEC) were 
used. Clonogenic cell survival was measured by the colony formation 
assay. Irradiations were performed using 6 MV x rays. The cell cycle 
distribution and apoptotic subG1 fraction were measured by flow 
cytometry. 
Results: The surviving fraction (SF) of MCF7 cells irradiated with 12 
Gy was decreased 8.5-fold [95% c.i. 4.4-16.3; P<0.0001; n=12] when 
the cell number was increased from 1 to 5 x104 per flask. Furthermore, 
colony formation of unirradiated cells co-cultured with irradiated (20 
Gy) feeder cells was reduced by up to 28% [c.i. 22-34%; P<0.0001, 
n=3] when the number of feeder cells was increased (5-50 x104 per 
flask). Similarly, conditioned medium (CM) collected over 24h from 
cell cultures irradiated with 5-15 Gy inhibited colony formation of 
recipient unirradiated cells to a similar extent. Interestingly, cells 
treated with CM in this way showed no significant effect on the 
apoptotic fraction or cell cycle distribution. The inhibitory effect of 
conditioned medium from irradiated cells was confirmed for MDA-
MB-231 and HUVEC. 
Conclusions: The clonogenic activity of irradiated or unirradiated cells 
was influenced by the presence of irradiated cells in a dose- and cell 
number-dependent fashion. Part of the effect could be mediated by 
CM from irradiated cultures indicating the involvement of a 
transferrable factor. Thus a bystander effect seems to contribute to 
radiation-induced inactivation in a dose-dependent fashion after high 
single doses. The mechanism by which clonogenic proliferation was 
inhibited has not yet been identified. We are currently studying 
cytokine secretion by irradiated cells into the conditioned medium. 
 
POS03-12. Stimulation of intercellular induction of apoptosis in 
transformed cells at very low doses: the role of radiation quality, 
cell type and the local environment. Mark Hill1, A. B. Abdelrazzak1, 
G. Bauer2, P. O'Neill1, 1: Gray Institute for Radiation Oncology & 
Biology, University of Oxford, UK 2: Institute of Medical 
Microbiology and Hygiene, University of Freiburg, Germany 
 
Intercellular signalling plays and important role in the progression of 
transformed cell to a tumour. In order to characterise the underlying 
mechanism and how they are perturbed following exposure to ionising 
radiation, a well defined model system of intercellular induction of 
apoptosis was used where neighbouring normal cells are selectively 
eliminate transformed cells. We have characterised a system of 
intercellular induction of apoptosis (IIA) system in which non-
transformed normal cells can induce apoptosis in co-cultured 
transformed cells through cytokine and ROS/RNS signalling. IIA was 
found to be enhanced after extremely low doses of both low and high-
LET ionising radiation. Although a dose response is observed at low 
doses, the enhancement is independent of dose and radiation quality at 
medium to high doses. 
The interplay between the dose to the irradiated cells and the fraction 
of cells irradiated on IIA enhancement was explored using ultrasoft x-
rays (USX) with a range of irradiation masks and compared to 
corresponding alpha-particle data. The IIA response for USX was 
similar to that observed for g-rays. Enhancement of IIA was observed 
when greater than 1% of the non-transformed cells were irradiated, 
although high-LET α-particle are more effective for a given fraction of 
cells irradiated than low-LET USX. The enhancement increases with 
increasing percentage of cells irradiated until ~10 % where the 
response for both radiation qualities reaches a common plateau. The 
relative roles of the various signalling pathways from inhibitor studies 
will also be presented along with the importance of the levels of TGF-
beta and oxygen concentration.  These results indicate that stimulation 
of IIA by ionising radiation require both sufficient energy deposition 
within irradiated cells and fraction of cells irradiated, with the 
response dependent on radiation quality when only a fraction of the 
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cells are irradiated. The generality of the IIA response was explored 
using combinations of fibroblast and epithelial transformed and non-
transformed cells. Although apoptosis was observed in both sets of 
transformed cells as a result of intercellular signalling, significant 
differences were observed in the perturbation of the response when 
co-cultured with non-transformed cells with and without exposure to 
radiation. 
 
POS03-13. Modulation of mitochondrial membrane potential in 
bystander effect. Genro Kashino1, Y. Tamari2, J. Kumagai3, M. 
Watanabe2, 1: Oita University, Japan 2: Kyoto University 3: Nagoya 
University, Japan 
 
The mechanism of radiation induced bystander effect has been topic 
recently. In mammalian organism, the function of mitochondria is 
very important for the production of energy in each cell. Therefore, we 
focused on the changes of mitochondrial functions by bystander effect 
through the secreted factors in the present study. In normal human 
fibroblast cells (NB1RGB) and human glioma cells (SF126), the 
mitochondrial membrane potentials were detected by JC-1 analysis, 
and were reduced by the secreted factors from irradiated cells. Also, 
increased levels of reactive oxygen species (ROS), which is thought to 
be super oxide radical in mitochondria, were detected by Mitosox 
analysis. The increases of ROS were thought to be leading to the 
production of slow releasing long lived radicals (SRLLRs), which is 
thought to be a cause of mutagenesis (Koyama et al Mutat Res 1998). 
The treatment of secreted factors fromirradiated cells resulted in the 
induction of gene mutation at HPRT locus. These results suggest that 
secreted factors from irradiated cells can lead to mutagenesis through 
the change of mitochondrial function. 
 
POS03-14. Effect of nicotine on the radiation-induced bystander 
response of the HPV-G cell line. Hedieh Katal Mohseni, C. 
Seymour, C. Mothersill, McMaster University, Canada 
 
Radiation-induced bystander effects (RIBE) even though well 
accepted, have poorly understood mechanisms although inter-cellular 
signalling is clearly important. Previous work suggested cells might be 
harnessing existing neurotransmitters present in trace amounts in 
serum to signal between irradiated and non-irradiated cells. This study 
is therefore aimed to investigate the effect of nicotine on production of 
RIBE. Nicotine, a chemical found in tobacco and tomato plants, was 
chosen because of its widespread use and its ability to act on nicotinic 
acetylcholine receptors by imitating the action of neurotransmitter 
acetylcholine. Additionally, recent studies have revealed that low 
doses of nicotine have therapeutic effects in a number of 
neurodegenerative diseases. Cells were irradiated with X-ray doses of 
0.1, 0.5, 1, 2, 3, and 5 Gy while being exposed to different 
concentrations of nicotine ranging from zero to 10 mM. Cells were 
either left to form colonies or irradiated cell conditioned medium was 
harvested and transferred to recipient cells. The effects were 
determined using the standard clonogenic assay. The results suggest 
nicotine is radioprotective. It was shown that concentration of 100nM 
increased cell survival for all radiation doses. Results of the bystander 
experiment clearly showed an elevation in the number of colonies in 
range of 10-100 nM for different doses. This elevation was best 
observed in radiation dose of 1Gy. The results of the present study 
suggest that low concentrations of nicotine protect directly irradiated 
cells and also enhance RIBE in HPV-G transfected human 
keratinocyte cells. It is not clear what the mechanism of protection is 
but inhibition of apoptosis is being considered. 
 
POS03-15. Investigation of bystander responses in CHO-K1 cells 
irradiated by 12C ions. Urszula Kaźmierczak1, D. Banaś2, M. 
Bogowicz1, J. Braziewicz2, I. Buraczewska3, J. Choiński4, M. 
Czerwiński1, J. Czub2, M. Jaskóła5, A. Korman5, M. Kruszewski3, A. 
Lankoff6, Z. Szefliński1, M. Wojewódzka3, A. Wójcik7, M. Wrzesień8, 
1: Institute of Experimental Physics, University of Warsaw, ul. Hoża 
69, 00-681 Warsaw, Poland, Poland, 2: Institute of Physics, Jan 
Kochanowski University, ul. Świętokrzyska 15, 25-406 Kielce, 
Poland, 3: Institute of Nuclear Chemistry and Technology, ul. 
Dorodna 16, 03-195 Warsaw, Poland, 4: Heavy Ion Laboratory, 
University of Warsaw, ul. Pasteura 5A, 02-093 Warsaw, Poland, 5: 
The Andrzej Sołtan Institute for Nuclear Studies, 05-400 Otwock-
Świerk, Poland, 6: Institute of Biology, Jan Kochanowski University, 
ul. Świętokrzyska 15, 25-406 Kielce, Poland, 7: GMT Department, 
Stockholm University, Sweden, 8: Faculty of Physics and Applied 
Informatics, University of Lodz, Poland  
 
Understanding heavy ion radiation-induced bystander responses may 
provide useful insights into potential therapeutic approaches for the 
treatment of human cancers. The aim of this study was to investigate 
the bystander effects in Chinese hamster ovary cells (CHO-K1) 
exposed to 4 Gy of  high LET 12C ions (17 MeV), delivered from the 
cyclotron in Heavy Ion Laboratory of The Warsaw University.  
Immediately after irradiation, cells were transferred into transwell 
culture insert dishes to enable a co-culture of irradiated and non-
irradiated cells. For the clonogenic survival assay, bystander cells 
were seeded at 150 cells/well. Irradiated cells were plated on 
membrane of insert. For the micronucleus assay, bystander and 
directly irradiated cells were plated at 125 x 103 cells/insert/well. All 
data presented in our study are representative of four separate 
experiments in six repetitions. 
Table 1. Effects of high LET 12C ions irradiation on the frequency of 
micronuclei (MN) and clonogenic survival of directly and bystander 
CHO-K1 cells. [MNC-mononucleated cells; BNC-binucleated cells; 
CBPI-Cytokinesis-Block Proliferation Index; SF-Survival fraction; 




As presented in Table 1, we observed a significant increase in the 
frequency of MN in BNC as well as an elevated number of MNC and 
BNC with MN in directly irradiated cells, but not in bystander cells, as 
compared to control cells. These results were confirmed by the 
clonogenic survival results. The SF in directly irradiated cells was 
significantly reduced as compared to control cells. However,  the SF 
in bystander cells was not affected, irrespective of a density of 
irradiated cells. 
To conclude, no bystander effect was found under the experimental 
conditions used in our study. However, a relationship between the 
number of BNC without MN and the SF in clonogenic assay was 
observed. 
 
POS03-16. Direct and non-targeted responses with low and high 
dose irradiation of ATM cells with different genotypes. Anne 
Kiuru1, M. Kämäräinen1, S. Heinävaara1, C. Lindholm1, R. Winqvist2, 
K. Pylkäs2, K. Chapman3, A. Koivistoinen1, M. Kadhim4, V. 
Launonen1, 1: Säteilyturvakeskus-STUK, Finland, 2: University of 
Oulu, 3: Brookes University of Oxford, 4: Brookes University of 
Oxford, UK 
 
The purpose of this study was to investigate the role of genetic 
heterogeneity in the ATM (Ataxia telangiectasia mutated) gene with 
respect to the individual variation of targeted and non-targeted 
responses to ionizing radiation. 
Cell lines carrying ATM+/+, ATM+/-, or ATM-/- genotypes were 
irradiated with 0, 0.01, 0.1, 1, or 2 Gy of X-rays (100 kV). 
Immediately after the irradiation cells were co-cultured with non-
irradiated cells (bystander cells) for 1 h or 20 h. Cell viability assay 
and chromosomal aberration analysis were performed for both 
irradiated and bystander cells. 
In the irradiated cells, decreased cell viability was observed especially 
with doses of 1 and 2 Gy in each cell line, most clearly in the ATM-/-
 genotype. In the bystander cells, no difference was seen in the 
viability ofATM+/+, ATM+/-, or ATM-/- cell lines at any dose. 
Chromosome-type aberrations showed a clear dose response in 
irradiated ATM+/+, ATM+/-, and ATM-/- cells at 1 h and 20 h co-
culture. No dose effect was observed for the chromatid-type 
aberrations in ATM+/+ andATM+/- cells whereas for the ATM-/- cell 
line chromatid aberrations increased with irradiation dose. In the 
bystander cells after 1 h co-culture, the yield of chromosome-type 
aberrations remained at constant level over all doses within each of 
the studied ATM cell lines. However, it was higher in the ATM-/- cell 
line. After 20 h of co-culture, the yield of chromosome-type 
aberrations was very modest in all bystander ATM cell lines. An 
increase of cells with chromatid-type aberrations was observed at 0.1 
Gy in bystander ATM+/- cells after 1 h co-culture. At 20 h of co-
culture, this increase was no longer observable. 
Conclusively, the response of the irradiated cells for both cell viability 
and chromosomal aberrations were dose-related and reflected the 
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number of functional ATM alleles in each cell line. Further, no 
bystander effect was observed when applying the described 
experimental settings. 
 
POS03-17. X-RAY AND UVC-INDUCED BYSTANDER 
EFFECTS IN PLANTS. Igor Kovalchuk1, F. Zemp2, V. Titov1, 1: 
University of Lethbridge, Canada 2: University of Calgary, Canada 
 
Plants are capable of rapidly reprogramming patterns of gene 
expression, allowing fast acclimation and adaptation in response to 
specific environmental conditions. This ability depends on various 
signalling molecules operating within a plant and even between plants. 
Our previous experiments (Kovalchuk et al., Nature, 2003; Boyko et 
al., NAR, 2007; Boyko et al., 2010, PLoS ONE) showed that local 
exposure to stress results in systemic increase in homologous 
recombination frequency (HRF). We named this signal ‗systemic 
recombination signal‘ or SRS. Although the nature of the signal was 
unknown, we hypothesized that plants are able to communicate this 
signal through phloem and through air. 
For the experiment, we used transgenic Arabidopsis thaliana plants 
carrying in the genome luciferase gene serving as a substrate for 
homologous recombination. Cells in which recombination events took 
place are visualized in CCD luciferase camera after application of 
luciferine. Recombination events then are scored and recombination 
frequency calculated. In the experimental set-up we planted two 
groups of plants in Petri dish and covered one group with either 
aluminium or lead cover and irradiated the second group with either 
UVC (7,000 ergs) or X-ray (5 Gy). To test whether signal is 
communicated through media or through air, we used Petri dish with 
¾ height dividers that separate the media but not the air exchange. In 
another set of experiments we placed two pots, one with irradiated and 
one with non-irradiated plants in sealed plastic bag for 4 days and 
scored recombination frequency in 7 days. 
We found that both groups of plants, irradiated and non-irradiated 
grown in Petri dish had higher recombination frequency. Moreover, 
we found that both groups of plants grown in divided Petri dish also 
had higher recombination frequency. This suggested that the signal 
leading to increase in HRF is indeed airborne. The experiment with 
plastic bags also showed the increase in HRF in both groups of plants. 
We conclude that irradiated plants exchange warning signals that 
could promote additional rearrangements in plant genome. This 
bystander effect could be one of the mechanisms of induced evolution, 
since increase frequency of rearrangements could potentially lead to 
diversification of genome composition in the progeny. 
 
POS03-18. Induction of long-lived radicals in bystander effects for 
point mutation. Jun Kumagai1, K. Mioki1, G. Kashino2, M. 
Watanabe3, 1: Nagoya University, Japan 2: Oita University 3: Kyoto 
University, Japan 
 
Ionizing radiation-induced bystander effects have been recognized that 
non-irradiated cells received some bystander factors from irradiated 
cells via gap junctions and/or culture medium express biological 
responses similar to radiation biological effets such as mutation, 
chromosomal aberration, and so on. In this study culture medium with 
CHO cells in a culture flask was X- or γ-ray irradiated, and then the 
medium was transferred to other culture flasks in which non-irradiated 
CHO cells were plated. It is expected that irradiated cells as donor 
cells release some soluble bystander factors into the medium, so that 
the non-irradiated cells as recipient cells may be affected by the 
factors. We have succeeded in detecting bystander responses as 
elevations of both increase in the levels of long-lived radicals (LLRs) 
and the point mutation frequency in recipient CHO cells. 
Initially 7 x 106 of normal Chinese Hamster Ovary (CHO) cells for 
donor of soluble bystander factor were introduced to a T175 flask with 
35 ml of D-MEM with 10% FBS in a cell incubator for 24 h at 37 °C 
in a humidified atmosphere with 5% CO2 and 21 % O2 conditions. 
After the incubation, the medium in the flask was exchanged to the 
100 mL of new culture medium after washing the flask with 10 mL of 
PBS two times. The flask was then γ-ray irradiated (4 Gy) and was 
placed in the incubator for 24 h. We denote the medium in the flask at 
24 h after irradiation as ―bystander medium‖. Other five flasks 
initially having 3.5 x 106 of normal CHO cells for recipient cells 
(bystander cells) were incubated for 48 h with the culture medium. 
After the incubation, the medium in each flask was exchanged to the 
18 mL of the bystander medium. The bystander medium was 
introduced to each flask through a membrane filter, and the flasks 
were stored in the incubator for 6 or 24 h. After the incubation, the 
recipient cells were harvested and moved into a Suprasil quartz tube 
for ESR measurement. ESR spectra of recipient cells were recorded 
by JEOL JES-RE1X EPR spectrometer in Nagoya University. For the 
measurement of an ESR spectrum of the cells at 77 K. 
When the bystander medium was treated to the donor cells for 6 h, no 
difference on the levels of LLRs can be observed in the recipient cells 
with the bystander medium without irradiation (control) and the 
bystander medium. When the bystander medium was transferred to the 
flasks of recipient cells and treated for 24 h, significant increase as 
+19% (p < 0.001) can be detected in the recipient cells. It should be 
noted that the significant increase in the levels of super oxide can be 
found in recipient cells at 6 h after the medium transfer from the flask 
of 4 Gy irradiated donor cells, so that increase in the levels of LLRs 
could slowly induced after the increase in the levels of super oxide. 
Significant difference can be observed between 6 and 24 h treated 
cells with non-irradiated bystander medium. It could be speculated 
LLRs may be slightly produced in the recipient cells near confluent 
condition. Addition of ascorbate (AA: 1 mM) at the medium transfer 
and treated for 24 h to the recipient cells reduced the levels of LLRs as 
control level, however, that of N-acetylcysteine (0.5 mM; NAC) did 
not.  These phenomena of LLRs completely related to the induction of 
point mutation. AA suppressed the induction of point mutation by the 
medium transfer, but NAC did not. These results indicate that LLRs 
induced in the recipient cells are likely to be responsible for mutation 
induction. 
 
POS03-19. Mechanistic model of bystander effects accounting for 
non-linear release of signals by irradiated cells and non-linear 
response to signals by reporter cells. Pavel Kundrat, W. Friedland, 
Helmholtz Zentrum München, Institute of Radiation Protection, 
Germany 
 
Several modelling approaches have been proposed to derive details on 
the mechanisms of radiation-induced bystander effects, e.g. the signal 
range or the size of targets whose hits by radiation initiate signal 
emission. The models generally assume that individual signal 
molecules act on bystander cells independently, yielding an 
exponential dependence of the effect on signal level. However, 
undiluted irradiated cell-conditioned medium (ICCM) reduced the 
survival of HPV-G reporter cells to 60 % while twice diluted ICCM 
did not affect their survival at all (Ryan et al 2008 Radiat Res 169: 
188-196). These non-linear effects indicate the need for refining the 
existing models. 
Modelling studies will be presented that consider the release of signals 
and the response to signals explicitly as two separate processes. The 
observed response of cells to signals has been represented by sigmoid 
functions, which often result from complex signalling networks. This 
suggests that bystander signals trigger intracellular signalling 
pathways in reporter cells, consistent with indications for cytokines 
serving as the signals. To infer information on signal release by 
irradiated cells, dose-dependent bystander data (Liu et al 2007 Radiat 
Res 168: 627-630) have been compared with alternative target 
scenarios evaluated by the Monte Carlo PARTRAC code. A 
distribution of targets comparable with the numbers and sizes of 
mitochondria, implicated in bystander effects, have been found 
compatible with the data. The data can be also interpreted by scenarios 
with only a small fraction of cells activated by radiation and emitting 
primary signals that trigger secondary signalling by neighbour cells. In 
recent experiments on mutation induction, bystander effects vanished 
upon 4-fold ICCM dilution but persisted even after 30-fold reduction 
in donor cell numbers (Zhang et al 2009 Mutat Res 671: 20-25). This 
indicates that scenarios with signal amplification at low and inhibition 
at high signal levels are more realistic than cell-autonomous ones 
assumed in existing bystander models. A model accounting for such 
interplay of positive and negative feedbacks, known in cytokine 
signalling, will be presented. 
Acknowledgment: Supported by the EC ‗NOTE‘ Project, FI6R-
036465. 
 
POS03-20. Cell death signalling pathways in directly irradiated 
cells and bystander cells. Fiona Lyng1, F. Lyng1, K. Kumar Jella1, A. 
Garcia1, R. Moriarty1, B. McClean2, 1: Dublin Institute of Technology, 
Ireland 2: St Luke's Hospital, Ireland 
 
Although considerable evidence exists for radiation induced bystander 
effects, the mechanisms involved are still unclear and there are very 
few studies which directly compare direct and bystander effects. The 
aim of this study was to investigate cell death pathways in cells either 




Human keratinocyte (HaCaT) cells were irradiated with low doses of 
gamma radiation (0.005Gy, 0.05Gy and 0.5Gy) using a Cobalt-60 
teletherapy unit. After irradiation, the cells were incubated for one 
hour and medium was harvested and filtered and added to recipient 
HaCaT cells which were not irradiated.  Both the directly irradiated 
cells and the cells exposed to ICCM were incubated for 24-72 hours 
after treatment. Apoptosis and necrosis levels were measured using a 
Vybrant apoptosis kit with YO-PRO-1 and propidium iodide 
fluorescent dyes. Immunofluorescence staining using MPM2 antibody 
was performed to detect mitotic cell death. Cell cycle phases were also 
analysed using flow cytometry.  To furthere investigate the signalling 
pathways in bystander cells, reactive oxygen species and nitric oxide 
were analysed in real time after the addition of ICCM using time lapse 
fluorescence microscopy over 24 hours. Caspase activation was also 
measured after the addition of ICCM using the Apotox assay.  
Early apoptosis was found in directly irradiated cells and in cells 
exposed to ICCM after 24 hours and necrosis was found after 48 hours 
of treatment.  Mitotic cell death was found in directly irradiated cells 
and in cells exposed to ICCM only after 72 hours of treatment. 
Reactive oxygen species and nitric oxide signalling was observed in 
real time up to 24 hours after addition of ICCM. Caspase activation 
was observed after addition of ICCM. 
Radiation induced bystander effects may have importance in low dose 
radiation protection and in health risk assessment. 
 
POS03-21. Bystander treatment with X-ray microbeams 
suppresses spontaneous mutation. Munetoshi MAEDA1, M. 
TOMITA1, H. MATSUMOTO2, N. USAMI3, K. KOBAYASHI4, 1: 
Radiation Safety Research Center, Central Research Institute of 
Electric Power Industry (CRIEPI) , Japan 2: Division of Oncology, 
Biomedical Imaging Research Center, University of Fukui 3: Photon 
Factory, High Energy Accelerator Research Organization (KEK) 4: 
Research Service Office, High Energy Accelerator Research 
Organization (KEK), Japan 
 
Microbeam irradiation system is a powerful tool to elucidate the 
mechanisms underlying the radiation-induced bystander responses. 
Using a synchrotron X-ray microbeam irradiation system developed at 
the Photon Factory, KEK, we recently demonstrated that the induction 
of cell death, which occurred in irradiated cells and also in bystander 
cells, is modified by sites of energy deposition within cells. As the 
next step, we started the investigation to elucidate the relationship 
between energy deposited sites and the dose-responses of mutagenesis 
in bystander cells. We irradiated five nuclei of V79 cells with 10 μm × 
10 μm square 5.35 keV X-ray beams, and then measured the mutation 
frequency in bystander cells with HPRTmutation assay. The mutation 
frequency at null dose, 2.6×10-5 (spontaneous level) decreased to 
5.3×10-6 at around 1 Gy (absorbed dose in nucleus), but at higher 
doses, the mutation frequency was then returned to the spontaneous 
level. Biphasic type of dose responses was observed in the case of 
bystander cell killing as reported in our previous report. Similarity of 
these behaviors in dose-response may suggest the correlation in the 
mechanism between enhancement of bystander cell death and the 
suppression of mutagenesis in bystander cells. Oxidative damage of 
nucleotides within DNA or precursor pools caused by reactive oxygen 
species (ROS) is thought to play an important role in spontaneous 
mutagenesis. It has been reported that intracellular ROS persistently 
increase the fraction of genetically unstable cells and the clones of 
those cells do secrete factors that contribute to the perpetuation of the 
unstable phenotype. Cells are known to have a mechanism to suppress 
spontaneous mutagenesis in order to keep low mutated fraction. 
Bystander responses might suppress the secretion of instability-
inducing factors and/or elevate the antioxidant ability in the bystander 
cells. It is known that exposure to nitric oxide (NO) causes 
mitochondrial degeneration and subsequent cell death in cells having 
low antioxidative ability. Unstable cells in the population might be 
selectively killed by bystander treatment since NO is the major 
mediator of bystander cell death, and hence the suppression of 
spontaneous mutagenesis could be observed in bystander cell 
population. 
 
POS03-22. Bystander Effect in Tumor Cells Produced By Iodine-
125 Labeled. Omar Mamlouk, P. Balagurumoorthy, K. Wang, S. 
James Adelstein, A. I. Kassis, Harvard Medical School, USA 
 
The bystander effect, a phenomenon elicited by irradiated cells, 
describes the responses and stimuli observed in neighboring cells that 
are not directly exposed to radiation. Earlier studies from this 
laboratory demonstrated that tumor cells labeled with Auger-electron 
emitting radionuclides 125I and 123I can either suppress or augment the 
growth of neighboring cells (inhibitory and stimulatory bystander 
effects respectively). Here we have investigated the ability of human 
lymphocytes labeled with a lethal dose of 5-[125I]iodo-2‘-deoxyuridine 
(125IUdR) to exert bystander effect in unlabeled human 
adenocarcinoma colon cancer LS174T cells in vitro. 
Mononuclear cells were isolated from human blood by Ficoll overlay. 
Non-adherent lymphocytes were separated from adherent monocytes 
and cultured in the presence of phytohemagglutinin to stimulate 
growth/DNA synthesis. After 48 hours, 125IUdR was added and the 
incubation continued for another 48 hours to allow the dividing 
lymphocytes to incorporate 125IUdR in their nuclear DNA. Human 
colon LS174T adenocarcinoma cells were co-incubated with 125I-
labeled human lymphocytes (125I-L) in various ratios and the 
proliferation of the unlabeled LS174T cells was assessed after 5 days. 
Results showed that the co-incubation of 125I-L with LS174T cells (1:1 
ratio) leads to a significant reduction in the proliferation of the tumor 
cells (56±3.5%). No growth inhibition was detected when 
lymphocytes (unlabeled±PHA stimulation) were used. When LS174T 
cells were cultured in the presence of supernatant media obtained from 
these co-incubations, a similar decrease in the tumor cell growth 
(52.5±1.3 %) was found. Since (i) 125I is covalently bound to nuclear 
DNA, and (ii) >98% of the Auger electrons emitted during 125I decay 
deposit their energy within 0.5 µm, the observed reduction in the 
proliferation of LS174T cells in presence of 125I-labeled lymphocytes 
or media obtained from such co-incubations can only be attributed to 
an inhibitory bystander effect, probably produced by factor(s) released 
by the dying 125I-labeled lymphocytes. 
 
POS03-23. Investigation of signaling perturbation in cells exposed 
at low doses of ionizing radiation . Luca Mariotti1, C. Donata1, D. 
Alloni2, G. Babini1, D. Volpi3, A. Ottolenghi1, 1: University of Pavia, 
Dipartimento di Fisica Nucleare & INFN, Italy 2: University of Pavia, 
Dipartimento di Fisica Nucleare, INFN, LENA 3: University of Pavia, 
Dipartimento di Fisica Nucleare, CRUK/MRC Gray Institute for 
Radiation Oncology & Biology, University of Oxford, UK 
 
Radiation induced bystander effects, either protective or adverse, have 
been identified in a variety of cells and for different endpoints. They 
are thought to arise from communication between cells through direct 
cell–cell contacts and via transmissible molecules secreted into the 
medium by targeted cells (1). It is likely that multiple pathways are 
involved in bystander phenomenon, and different cell types respond 
differently to bystander signaling; multiple signaling cascades 
involving both an initiating event and downstream signaling steps are 
necessary to mediate the bystander process (2). As a result, the 
bystander effects occur in a wide range of spatial scales (e.g. in 
vitro cell culture, tissues and in vivo animals) and temporal dynamics 
(e.g. from few minutes to several days after irradiation). 
Our group investigated medium-mediated damage mechanism 
in AG1522 cells after exposure to ionizing irradiation. 
In particular, a systematic investigation of the release dynamics of 
signaling molecules for different radiation doses have been performed. 
An evaluation of the cytokine levels (IL-6, IL-8, IL-33 (2), TNF-α and 
TGF-β) in the medium of cells irradiated with different  radiation 
doses and types was performed with ELISA assay and Western Blot. 
Also Nitric Oxide levels, evaluated by its oxidized products (nitrite 
and nitrate) were investigated for different experimental conditions 
and after exposure to different doses of gamma rays. 
Finally, we conclude the investigation studying the molecules 
involved in the perturbed signaling, looking at the actual precursor 
mechanisms responsible for a modulated release of these proteins in 
the medium. Recently, Hei and colleagues (3) illustrated a unifying 
model of the signaling pathways underlying radiation-induced 
bystander effects where  NF-kB (one of the transcription factors 
related to cytokine expression) plays a key role. This protein regulates 
the expression of signaling proteins (e.g. cytokines),  Ciclooxigenase-
2 (COX-2) and Nitric Oxide Synthase (NOS) . On the basis of these 
findings, also NF-kB and the COX-2 dynamics were investigated, as a 
function of radiation doses. 
1 Prise K.M. and O‘Sullivan JM. Nat Rev Cancer, 9(5):351-60 (2009) 
2 Ivanov V.N et al. Cell Sign 22(7): 1076-1087(2010) 
3 Hei T.K. et al. J. P.P.  60: 943-950 (2008) 
This work was partially supported by the European Commission (EC 
Contract FP7 EURATOM project ‗EPIRADBIO‘‘  and ―DOREMI‖) 
 
POS03-24. Bystander Effect Induced by Decay of Iodine-125 in 
Cytoplasm of Mammalian Cells. Gautam Maulik, P. 
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Balagurumoorthy, K. Wang, S. James Adelstein, A. I. Kassis, Harvard 
Medical School, USA 
 
The bystander effect, originating from irradiated cells, describes the 
biological responses of neighboring cells that are not targeted directly 
by the radiation assault. Previously, we had shown that decay of the 
Auger electron emitter iodine-125 (>98% of the emitted electrons 
have a range <0.5 µm) within the nuclei of human adenocarcinoma 
colon cancer LS174T cells induces an inhibitory bystander effect. 
When LS174T cells were g-irradiated (dose deposited in the 
cytoplasm and nuclei), no such effects were seen. 
To assess the possible role of cytoplasmic irradiation, we have 
radioiodinated the mitochondrial dye Rhodamine 123 (125I-Rh) in the 
presence of CuCl2.H2O and Chloramine T and incubated (37
oC for 48 
hours) logarithmically growing LS174T tumor cells with 125I-Rh at a 
concentration that inhibits their proliferation. The cells were washed, 
trypsinized, counted, and their radioactive contents determined. 
Varying numbers of 125I-Rh-labeled cells were then co-cultured with 
unlabeled LS174T tumor cells (4E5) in six-well plates. Dead LS174T 
cells (freeze-thawed 3x) were used as ‗spacers‘ so that the total 
number of cells plated was always the same (8E5 per well). Under 
these experimental conditions, any increase in cell number is 
consequent to the growth of the unlabeled LS174T, as the lethally 125I-
Rh-labeled LS174T cells do not proliferate. 
The results of our studies demonstrate that the decay of 125I within 
mitochondria retards the growth of neighboring unlabeled tumor cells 
growing in vitro. This inhibitory bystander effect is significantly less 
when the ratio of the 125I-Rh-labeled cells to that of unlabeled cells 
was lower (1:1 vs. 0.5:1). Somewhat unexpectedly, the reduction in 
cell proliferation was quantitatively similar to that seen when the cells 
were co-incubated with DNA-incorporated 125IUdR. To our 
knowledge, this is the first report of an 125I-induced inhibitory 
bystander effect when the decay of an Auger electron emitter occurs 
within the cytoplasm of a cell. 
 
POS03-25. Persistence of DNA double-strand breaks in normal 
human cells induced by radiation-induced bystander effect. 
Mitsuaki Ojima, M. Kai, Oita University of Nursing and Health 
Science, Japan 
 
In the recent years, it was reported that DSB induced in primary 
human fibroblasts by 1 mGy of X-irradiation remain unrepaired for 
many days. The dose of 1-10 mGy can typically be delivered with 
diagnostic X-ray exposure and represents the range of dose exposed 
by individuals every year due to environmental background radiation. 
This report therefore showed that homeostasis in living organisms 
exposed to very low radiation doses may not be maintained. However, 
neither the mechanism through which unrepaired DSB are caused by 
very low radiation doses nor their biological implications are clear. 
Our previous study suggested that the DNA double-strand breaks 
(DSB) induced by very low X-ray doses are largely due to bystander 
effects. Thus, we hypothesized that DSB resulting from the radiation-
induced bystander effects might not be repaired. The aim of this study 
was to verify whether DSB created by radiation-induced bystander 
effects are likely to be repaired. We examined the generation of DSB 
by enumeration of phosphorylated ataxia telangiectasia mutated 
(ATM) foci, which are correlated with DSB repair, in normal human 
fibroblast cells (MRC-5) after X-irradiation at doses ranging from 1 to 
1000 mGy. At 24 h after irradiation, 100% (1.2 mGy), 58% (20 mGy), 
12% (200 mGy) and 8.5% (1000 mGy) of the initial number of 
phosphorylated ATM foci were detected. The number of 
phosphorylated ATM foci in MRC-5 treated with lindane, an inhibitor 
of radiation-induced bystander effects, prior to X-irradiation was 
assessed; phosphorylated ATM foci were not observed at 5 h (20 
mGy) or 24 h (200 mGy) post-irradiation. We also counted the 
number of phosphorylated ATM foci in MRC-5 co-cultured with 20-
mGy-irradiated MRC-5. After 48 h of co-culture, 81% of the initial 
numbers of phosphorylated ATM foci remained. These findings 
suggest that DSB by the radiation-induced bystander effect persist for 
long periods, whereas DSB induced by direct radiation effects are 
repaired relatively quickly. 
 
POS03-26. Modification of DNA Damage and Cell cycle in 
Bystander Cells Cultured in Medium obtained from Human 
Intestinal Epithelial cells Labeled with Tritiated Thymidine. Badri 
N. Pandey, M. Ali, A. Kumar, Bhabha Atomic Research Centre, India 
 
Radiation induced bystander effect is manifestation of effects in 
neighboring cells, which may be either damaging or protective in 
nature.  Diffusible factors play significant role in underlying bystander 
mechanism in irradiated cells. In present study, we have investigated 
effect of conditioned medium (CM) obtained from the culture of 3H-
thymidine labeled human normal intestinal epithelial (INT407) cells 
on bystander INT407 cells. Cells labeled with 3H-thymidine showed 
higher DNA double strand break measured in terms of gamma H2AX 
foci, which gets attenuated after 15 h suggesting activation of adaptive 
response at longer periods. In further experiments, INT407 cells 
cultured in CM showed higher proliferation and plating efficiency 
than respective controls, which were correlated with modulation in 
expression of cell cycle regulating proteins (CDK-2 and p53). In order 
to understand the radio-sensitivity of bystander cells, INT407 cells 
cultured in CM were gamma-irradiated (0.5 Gy) followed by 
measurement of gamma H2AX foci. Our results showed that radiation 
induced gamma H2AX foci/cell were found to be lower in cells 
cultured in CM than respective controls suggesting lower double 
strand break in  gamma-irradiated bystander cells in CM. Our studies 
using microarray gene expression analysis showed that bystander cells 
cultured in CM showed upregulation of genes associated with DNA 
repair (ALKB) and cell proliferation (CDC45). Interestingly, the 
upregulation ofCDK5 genes observed in bystander cells seems to be 
associated with regulation in calcium signaling, which may be further 
linked to upregulation of bradykinin receptor. However, the 
downregulation of proton transporting ATPase and adenylate cyclase 
genes suggest modification in proton transport and cAMP signaling in 
bystander cells. These results provide novel understanding of 
protective bystander mechanism from tritium irradiated human 
intestinal cells involving DNA damage and cell cycle pathways. 
 
POS03-27. Radiation Modulated Immune-Response and Abscopal 
Effect. Bertil RR Persson, C. Bauréus Koch,, G. Grafström, P. Munck 
af Rosenschöld, C. Ceberg, H. Nittby, B. Widegren, L. G. Salford,  
Lund University, Sweden 
―Non-target‖ radiation effects in tissues outside the immediate 
location of the radiation therapy beam, wasoriginally described as 
―Abscopal effect‖ by R. J. Mole in 1953. The abscopal mechanism of 
action is still not fully explained; although a variety of under-lying 
biological events can be hypothesized, including a possible role for 
the immune system and inflammatory responses. 
In the present study we have used a rat model of collaterally implanted 
tumours on both hind legs to investigate the non-target effect of either 
radiation- or immune-therapy aloneand their combination. 
The tumour growth rate response was studied in Fischer-344 rats with 
N29 glioma tumour cells, s.c. implanted on bothhind legs. Radiation 
therapy (RT) (4´5 Gy) was given only to the right contra-lateral 
tumours. Immunotherapy was performed 3 times by i.p injection of 
interferon-gamma (IFNg) gene transfected N29-tumour cells. 
The average tumour growth rate (TGR) of the irradiated right-lateral 
tumour was 4.5±0.3 %/day which is significantly decreased (p<0.001) 
compared to the TGR of 8.4±0.3 %/day for the controls. With 
immunization alone the TGR of 7.6±0.6 %/day was not significantly 
decreased compared to the controls. But in a group given 
immunotherapy combined with RT the TGR 5.7±0.3 %/day was 
significant decreased (p<0.01). 
The average TGR of the contra lateral unexposed tumours was 
6.1.±0.3 %/day, which is significantly (p<0.001) reduced by 33 % 
compared to the TGR 9.1±0.3 %/dayof their controls. This effect on 
untreated tumours outside the target of irradiation is called ―Abscopal 
effect‖. By combination RT with immunotherapy the TGR of 7.1±1.0 
%/day is decreased as well, however, not significantly compared to 
their controls. 
We previously showed positive results of 75% complete remissions by 
treatment of single intracranial N29 glioma tumours with RT in 
combination with immune therapy using IFNg transfected tumours 
cells. In the present extra-cranial model with two contra-lateral 
tumours the result of RT alone, appear as an ―Abscopal effect‖ with 
the TGR decreased by 46% in the irradiated tumour and by 33% in the 
contra-lateral unirradiated tumour. But RT in combination with 
immunotherapy resulted in a TGR decrease of the un-irradiated 
tumour by only 14%. Immunotherapy alone resulted in no significant 
decrease in the TGR of the tumours. 
 
POS03-28. Study of the relationship between the mean nucleus 
absorbed dose and the biological response of tumor cells exposed 
to 125I-labeled monoclonal antibodies. Jean-Pierre Pouget1, B. 
Piron1, N. Chouin2, M. Bardiès2, I. Navarro-Teulon1, C. Bascoul-
Mollevi1, A. Pèlegrin1, N. Gironis1, 1: IRCM/INSERMU896, France 




Objectives: We investigated in HCT 116 cells targeted with either 
internalizing (cytoplasmic localization) or non-internalizing (cell 
surface localization) 125I-labeled monoclonal antibodies (125I-mAbs), 
the relationship between mean nucleus absorbed dose and biological 
effects. 
Methods: p53 (+/+) and p53 (-/-)HCT 116 carcinoma cell lines were 
incubated for 2 days with increasing activities (0—4MBq/mL) of 
either internalizing (anti-HER1) or non-internalizing (anti-CEA) 125I-
mAbs. The mean nucleus absorbed radiation dose was calculated 
using the MIRD cellular formalism and cell survival was determined 
by a standard clonogenic assay. DNA damage, namely single and 
double strand breaks together with alkali-labile sites (SSB + DSB + 
ALS) was measured using the standard alkaline comet technique and 
chromosomal aberrations were assessed using the micronuclei assay. 
Apoptosis was measured by flow cytometry analysis after annexin 
V/7-AAD staining. The level of the p53 and p21 protein was 
measured by western blotting. Contribution of bystander effects was 
assessed using medium transfer experiments. 
Results: We showed in our model that much higher mean nucleus 
radiation doses were delivered with internalizing125I-mAbs than with 
non-internalizing 125I-mAbs. However, similar toxicity was observed 
for the two targetings, demonstrating the higher toxicity per Gy of 125I-
mAbs that preferentially target the cell membrane. Comparable levels 
of DNA damage detected by the alkaline comet method and 
micronuclei assay were also produced for the two 125I-labeled mAbs, 
whatever the p53 status. DNA damage was efficiently detected in 
the p53+/+ HCT 116 cells, as demonstrated by p53 and p21 activation 
and consequent induction of apoptosis, suggesting that the toxicity of 
non internalizing 125I-mAbs is not due to a defect in DNA damage 
detection. Moreover, cell cycle analysis showed that cells exposed 
to 125I-mAbs were blocked in G2/M phase. Medium transfer 
experiments confirmed the involvement of bystander effects for both 
types of 125I-mAbs. 
Conclusions: These results suggest that the biological response of 
cells targeted with 125I-mAbs is not fully correlated with the mean 
nucleus absorbed radiation dose and that bystander effects could be 
involved in the observed cytotoxicity. 
 
POS03-29. Thermal injury produces reactive oxygen species 
effecting surrounding non-heated cells. Martin Purschke, R. 
Anderson, D. Wellman, Center for Photomedicine/Harvard Medical 
School, USA 
 
Previously, we described the active thermal bystander effect 
(ATBE).  DNA damage and cell death occurs in surrounding, non-
heated cells by only sharing the medium with heat exposed ones. The 
ATBE is an active process induced by viable heat stressed cells. The 
purpose of this study was to investigate the involvement of reactive 
oxygen species (ROS). 
Human foreskin fibroblasts (HFF1) were heat exposed at different 
temperatures (37-54 ºC) for 10 min, and co-cultured for up to 72 h 
with non-heated cells. Any cell-to-cell contact and heat diffusion was 
excluded by the experimental set up (transwell system). Cell viability 
was measured by MTT assay, DNA damage and apoptosis were 
analyzed morphologically after fluorescence staining of the DNA with 
DAPI. ROS levels were quantified either by PeroXOquant assay (for 
medium) or by fluorescence probe DCFDA (for intercellular 
cytoplasm). 
The ATBE was induced by fibroblasts exposed to a temperature range 
of 44 to 54 ºC with a maximum at 48 ºC. The ROS level was increased 
in both heated (2fold) and non-heated, bystander cells (2.5fold). The 
ROS level in heated cells peaked 30 min after heat exposure at 48 ºC. 
Bystander fibroblasts showed an increase ROS level with a maximum 
at 46 ºC 1 h after heat exposure. Assessment of the ROS level in the 
medium also revealed an increase with a maximum at around 46 ºC 1 
h after heat exposure. In both cell subpopulations as well as in the 
medium the ROS level returned to background level 3 h after heat 
exposure. 
Our data suggest that heat induced early ROS formation plays a key 
role in the ATBE effect.  As the ATBE is expected to have a role in 
(fractional) laser treatment, burn trauma and cancer treatment, further 
in vivo research is warranted related to ROS. 
 
POS03-30. DOSE AND SPATIAL EFFECTS IN RADIATION 
BYSTANDER SIGNALING IN VIVO: IMPLICATIONS FOR 
TUMORIGENESIS. Anna Saran1, M. Mancuso1, S. Pazzaglia1, P. 
Giardullo2, E. Pasquali2, S. Leonardi1, M. Tanori1, V. Di Majo1, 1: 
Laboratory of Radiation Biology and Biomedicine, Agenzia Nazionale 
per le Nuove Tecnologie, l‘Energia e lo Sviluppo Economico 
Sostenibile (ENEA) CR-Casaccia, Rome, Italy, Italy 2: Department of 
Radiation Physics, Università degli Studi Guglielmo Marconi, Rome, 
Italy 
 
Radiation bystander effects are observed in non-directly irradiated 
cells that were in contact with, or received soluble signals from 
irradiated cells. These non-targeted effects include induction of DNA 
damage and alterations in cell fate (i.e., apoptosis, differentiation, 
senescence or proliferation, neoplastic transformation), and have 
mainly been observed in in vitro systems. Until recently, evidence that 
radiation-associated bystander responses are effectual in vivo has been 
limited, and the relevance of radiation bystander responses for cancer 
risk has been uncertain. Results from our laboratory have provided the 
first direct evidence that genetic damage caused by bystander 
responses contributes to cancer risk in mouse CNS, with drastic 
acceleration of medulloblastoma in radiosensitive Ptch1+/- mice 
irradiated with shielded brains. We have also recently shown that gap 
junction intercellular communication (GJIC) is critical for 
transmission of oncogenic radiation damage to the non-targeted 
cerebellum, and that a mechanism involving ATP release and 
upregulation of Cx43, the major GJIC constituent, regulates 
transduction of oncogenic damage to unirradiated tissues. However, 
the spatial and temporal dependence of bystander responses, and the 
dose-effect relationship remains a poorly understood issue in the in-
vivo context. 
To investigate these issues, Ptch1+/- mice were irradiated with 
different doses (1, 2, 3 and 10 Gy) of X-rays adopting different 
shielding geometries to protect approximately two thirds of the mouse 
body. Genetic damage was measured in bystander cerebellum at 
different times after irradiation, while tumor development was 
monitored in lifetime groups. Groups of Ptch1+/- mice were also 
whole-body exposed to X rays (1, 2 and 3 Gy) and the same end-
points were evaluated. Results obtained show a clear dose and spatial 
dependence ofin vivo radiation bystander signaling in mouse CNS. 
These results may help understanding the mechanisms of bystander 
signaling and tumorigenesis in non-exposed organs and tissues. 
 
POS03-31. Radiation-induced bystander effects in hypoxia. 
RAJALAKSHMI SRINATH1, R. ASUR1, I. KOMMURU2, S. 
SHARMA2, R. GRIFFIN2, 1: UNIVERSITY OF ARKANSAS FOR 
MEDICAL SCIENCES, USA 2: UAMS, USA 
 
Bystander effects refer to the occurrence of damage to cells that have 
not been directly exposed to radiation but are near cells that were 
exposed and/or are affected by factors transmitted from the irradiated 
cells. We have previously observed the occurrence of substantial 
bystander effects following exposure to a single dose of 10 Gy. Few 
studies have evaluated the occurrence of radiation-induced bystander 
effects under hypoxic conditions known to exist in tumors in vivo. 
Here, we studied bystander killing in mouse head and neck squamous 
carcinoma (SCCVII) cells under hypoxic conditions (induced using an 
aerbobic chamber), using the media transfer protocol.  Aerobic 
SCCVII cells exposed to 10 Gy and evaluated for clonogenic survival 
demonstrated a 96% decrease in cell survival, while directly irradiated 
hypoxic cells exhibited only 50% decrease in survival, suggesting 
expected radio-protection.  Subsequently, aerobic and hypoxic 
SCCVII cells were exposed to 10 Gy and returned to the incubator for 
4 hours following which the media from irradiated (donor) cells was 
transferred to aerobic or hypoxic unirradiated bystander (recipient) 
cells. The cells were then cultured under aerobic conditions for colony 
formation. The clonogenic survival of bystander cells, when both the 
donor and recipient cells were cultured under aerobic conditions, was 
found to be about 25% less than the sham-treated controls. Hypoxic 
bystander cells receiving media from aerobic irradiated donor cells 
exhibited only about 8% decrease, whereas only a 1% decrease in 
survival was observed when both the donor and recipient cells were 
cultured under hypoxic conditions. We observed a substantial increase 
in bystander cell survival under hypoxic conditions. The oxygenation 
state of the donor cells appears to be very important in eliciting a 
bystander response as evident from the almost complete abolishment 
of bystander cell killing when hypoxic donor cells were used. These 
experiments suggest that the oxygenation state of the cells is important 
in eliciting a bystander response. Understanding the role of hypoxia in 
bystander effects will help us optimize clinical effectiveness of 
radiation therapy, especially in the case of spatially fractionated 
regimens where there are large volumes of tumor that could be 




POS03-32. Radio-adaptive response for hprt mutation via 
bystander effect in normal human fibroblasts induced by proton 
microbeams. Masao Suzuki1, C. Tsuruoka1, C. Hua Liu1, T. Konishi1, 
M. Oikawa1, N. Autsavapromporn2, Y. Kaneko1, 1: National Institute 
of Radiological Sciences, Japan 2: New Jersey Medical School Cancer 
Center, USA 
 
INTRODUCTION: A central paradigm in radiation biology has been 
that only cells ―hit‖ by a track of radiation would be affected to induce 
radiobiological consequences, and cells ―not hit‖ should not be. 
However, it recently has been challenged by so called non-targeted 
effects, such as genomic instability, adaptive response and bystander 
effect, and such radiation-induced non-targeted effects may have 
important implications for low-dose-radiation induced biological 
effects. In this study we have examined cellular responses, such as 
bystander effect and radio-adaptive response, in normal human cells 
induced by low-fluence-proton irradiation using proton microbeams.    
MATERIALS AND METHODS: We have investigated that the 
mutation frequency at the hypoxanthine-guanine 
phosphoribosyltransferase (hprt) locus, which was detected with 
measuring 6-thioguanine resistant clones, in normal human skin 
fibroblasts induced by the 200kVp X-ray challenging dose was lower 
at 0.15 times in cells pre-treated with low-dose-rate neutrons 
(1mSv/8h) emitted from 241Am-Be source as a priming dose than that 
in untreated control cells. Furthermore, the reduced mutation 
frequency was returned to the control level when using a specific 
inhibitor of gap-junction mediated cell-cell communication (40µM 
lindane). Here we set up the hypothesis that recoiled protons emitted 
by the interaction between primary neutrons and surroundings near 
irradiated cells induce radio-adaptive response in a irradiated and 
unirradiated mixed cell population via gap-junction mediated 
bystander effect. To prove the hypothesis around 1.5% cells of total 
cell population were irradiated with single 3.4MeV proton using the 
microbeam irradiation system, Single Particle Irradiation system to 
Cell (SPICE) in National Institute of Radiological Sciences (NIRS) 
before irradiating the X-ray challenging dose. 
RESULTS: The data of the hprt mutation induction clearly showed 
that the X-ray induced mutation frequency was suppressed in cells 
pre-treated with proton microbeams and returned to the control level 
when using a gap-junction inhibitor. 
CONCLUSION: The result suggests that neutron-induced adaptive 
response is caused by protons and gap-junction mediated bystander 
effect plays an important role to induce such cellular response. 
 
POS03-33. Microbeam Studies of X-ray Induced Bystander Cell 
Killing Effect. Masanori TOMITA1, M. MAEDA1, H. 
MATSUMOTO2, K. KOBAYASHI3, 1: Radiation Safety Research 
Center, Central Research Institute of Electric Power Industry, Japan 2: 
Division of Oncology, Biomedical Imaging Research Center, 
University of Fukui 3: Research Service Office, High Energy 
Accelerator Research Organization (KEK), Japan 
 
Non-DNA-targeted effects, which are not a direct consequence of 
radiation-induced initial lesions produced in cellular DNA, have been 
observed and are defining a new paradigm. Bystander response is one 
of the characteristic of non-targeted effects and is defined as cellular 
responses which have not been directly induced by radiation, but are 
induced in the neighborhood of cells which have been directly 
irradiated. Due to its nature, the bystander response may have 
important biological consequences under low dose irradiation 
conditions where non-irradiated cells are affected in the irradiated 
population. The bystander response to particle beam exposures has 
been demonstrated for a variety of biological end points. On the other 
hand, there have been a few studies of detailed dose-responses for 
bystander cell killing induced by low-LET photons. To investigate the 
biological effects, including the bystander response, induced by low-
LET and low dose of radiations, a Microbeam X-ray Cell Irradiation 
System was developed at the Central Research Institute of Electric 
Power Industry (CRIEPI).  Present study on the bystander cell killing 
of normal human diploid fibroblast cells using a focused aluminum K-
shell X-ray microbeam of CRIEPI revealed, (a) when 5 cell nuclei in 
the population were irradiated, the bystander cell killing showed a 
biphasic behavior, namely decrease to 90% cell survival rate with the 
dose of 0.47 Gy, partially suppressed between 2.3 and 7.0 Gy, 
followed by level-off around 90% with higher dose. (b) the bystander 
cell killing was observed even when only a single cell nucleus was 
irradiated, and the effect reached a plateau when 5 or more cell nuclei 
were irradiated. In order to determine the initiator or mediator of soft 
X-ray-induced bystander response, the roll of reactive oxygen species, 
gap junction intercellular communication, inducible NO synthase 
(iNOS), and NO were examined using various types of modifiers. The 
bystander cell killing was effectively suppressed by pretreatment with 
an inhibitor of iNOS or a scavenger of NO. These results suggest that 
the X-ray-induced bystander response is dose dependent, and that NO 
is the chief initiator/mediator of this effect. Since the secretion of NO 
depends on the p53 status, importance of p53 in the X-ray-induced 
bystander response will be discussed. 
 
POS03-34. Development of an educational program in microbeam 
technology and user training. Marcelo Vazquez1, S. A Marino2, G. 
Randers-Pehrson2, C. R Geard2, A. Bigelow2, G. Garty2, B. Ponnaiya2, 
A. Harken2, Y. Xu2, C. Elliston2, D. J Brenner2, 1: Columbia 
University, USA 2: RARAF Columbia University, NY, USA 
 
An educational program designed to provide a ―pipeline‖ of 
researchers interested in the use and development of microbeam 
facilities for research in biology, radiation biology, and radiation 
physics will be described. The rationale for the development of a 
training course and educational tools will be discussed and how these 
are particularly relevant for the development and training of 
microbeam facilities users in the US and abroad.  The program has 
been designed to give interested physicists and biologists a thorough 
and hands-on introduction to microbeam technologies. At the 
completion of the course, participants were expected to understand 
how microbeams work, what experiments can be performed using a 
microbeam, why these experiments are of biological interest, and how 
to perform these experiments.  The program is sponsored by the 
National Institute of Biomedical Imaging and Bioengineering 
(NIBIB).  The program is structured around a 3-day intensive course 
at Nevis Laboratory containing several lectures, demonstrations and 
hands-on activities in addition to the development of a internet-based 
―virtual microbeam training‖ for scientists.  Future developments will 
include a virtual tour and video demonstrations. These demonstrations 
are based on hands-on work performed by the RARAF scientists as 
part of the training course. The three-day course was offered for the 
first time to a group of six scientists selected by an open competitive 
application process. This intense program is taught by leading 
Columbia University biologists and physicists who are pioneers in the 
development and use of microbeam technologies. In summary, this 
unique developed education program and supportive tools intent to 
stimulate the microbeam community to develop a more dynamic 
research environment in which scientific discoveries is made available 
quickly and interactively as well as develop a national and 
international microbeam user community. 
Work supported by NIBIB P41 grant EB002033. 
 
POS03-35. Bleomycin and ionising radiation – induced bystander 
effects in two fibroblast cell lines. Diana Savu, Cosmin Mustaciosu, 
Sorin Bercea, Ileana Petcu, Horia Hulubei National Institute of 
Physics and Nuclear Engineering – IFIN HH, Romania 
Purpose: Bystander effects were examined in V79 and L929 
fibroblasts in two different situations: (i) treatment  with a 
chemotherapeutic agent, bleomycin  and (ii) exposure to low doses of 
gamma irradiation. 
Materials and methods: The cells were exposed to different 
concentrations (less than 60µg/ml) of bleomycin and to two doses 
(0.35 Gy and 0.55Gy) of gamma irradiation delivered with low dose 
rates (less than 22 mSv/h). The medium transfer methodology was 
used to analyse the in vitro bystander effects. The bystander response 
was studied by using as end-points the following: viability at 24 h and 
5 days, DNA damage measured by means of micronucleus assay, 
clonogenic surviving fraction and apoptosis. 
Results: The results showed that the treatment with bleomycin 
induced an increased DNA damage in both cell lines and the 
increasing is proportional with the concentration used. In bystander 
population of V79 and L929 fibroblasts the micronuclei frequency is 
also elevated but it did not depend on the concentration of bleomycin. 
The level of micronuclei is lower in bystander cells than in the cells 
exposed to bleomycin. The clonogenic surviving fraction confirms the 
bystander effect induced by bleomycin. Bystander response induced 
by gamma irradiation was observed in both cell lines used in this 
study at the level of micronucleus formation. Higher frequency of 
micronuclei was observed in bystander cells at both irradiation doses. 
Conclusion: Both bleomycin and gamma irradiation induced 
bystander response reflected in  increased DNA damage. The 
bystander effect is independent of the cell type studied. Further work 
will adress the mechanisms involved in transmission of the toxic 




POS4 Cell signalling 
 
POS04-01. Targeted studies of the mechanism of radiation-
induced response in a 3D tissue model after localized 
irradiation. Anna Acheva, M. Ghita, G. Schettino, K. Prise, Queen's 
University Belfast, UK 
 
The current work is aiming to investigate the mechanisms driving the 
effects of localized irradiation using in vitro 3D tissue models. Of 
particular interest for radiotherapy is the DNA damage and the cell 
signaling that it triggers in the healthy tissue surrounding treated 
areas. 
For evaluating radiation-induced effects, we are using a conventional 
broad beam X-ray source (225 kVp) and lead shielding. Additionally 
we use a novel gallium arsenide microcollimator (30 kVp) that allows 
localized exposures in 50-100 µm lines on the 3D cultures. Radiation 
effect was estimated by measuring DNA damage induction (53BP1 
foci), their repair kinetics and changes in proliferation and 
differentiation independently on both the exposed and shielded part of 
the 3D model. 
Induction of 53BP1 foci was observed in the exposed part of the 
sample (with dose-dependent pattern) as well as in the shielded areas 
of the 3D culture although in minor quantity (factor of 10 less). 
Damage from the 30 kVp microcollimator exposure was persistent up 
to 24h post irradiation. In long term incubation of the 3D skin model 
(7 days), we noticed significant increase of terminal differentiation 
expressed as elevation of the late differentiation marker Filaggrin and 
decrease of the early marker Cytokeratin 1 in both the exposed and 
shielded areas. We also tested for the involvement of the main Gap 
Junction (GJ)  protein Cx43 in the cell to cell communication from 
irradiated to shielded regions as well as the role of the pro-
inflammatory enzyme COX-2 in the signal transduction. Dose-
dependent up-regulation of Cx43 after direct irradiation suggests 
involvement of GJ in the cell signaling with COX-2 expression levels 
significantly higher than control levels 4 h after exposure to 2 Gy. 
This enzyme is probably responsible for the generation of bystander 
signals from the targeted cells. This was supported from data of 
phenotype and differentiation markers rescue after treatment of the 3D 
cultures with the COX-2 inhibitor sc236. 
In conclusion, experiments using 3D samples clearly indicate how 
radiation effect is not limited to the exposed areas but signaling 
through GJ induces DNA damage and increased differentiation in the 
surrounding areas. Moreover, data indicates that inhibition of COX-2 
reduces the side effects and could be used to improve the 
radiotherapy. 
 
POS04-02. Nuclear Calcium Buffering Sensitizes Head and Neck 
Squamous Cell Carcinoma to Radiotherapy. Lídia Andrade1, J. 
Marques Geraldo2, A. Miranda Catarina2, C. Bruno Armond2, A. 
Franco Paes Leme3, S. Yokoo3, A. Beatriz Ribeiro de Queiróz1, R. 
Ribeiro Resende4, M. Cristina Fonseca Casteluber5, D. Lamounier 
Almeida6, R. Kroon Campos7, C. Renato Machado8, M. Andrade 
Rajão8, E. Maria de Souza Fagundes9, C. Leomar Zani1, O. Assis 
Martins Filho1, M. de Fátima Leite5, 1: Centro de Pesquisas René 
Rachou, Brazil, 2: Instituto de Radioterapia São Francisco, 3: 
Laboratório Nacional de Biociencias, 4: Laboratório de quimica de 
proteinas e Nanobiotecnologia Universidade Federal de São João Del 
Rei, 5: Laboratório de Sinalização de Cálcio Departamento de 
Fisiologia e Biofísica Universidade Federal de Minas Gerais, 6: 
Universidade Federal de Minas Gerais, 7: Pontiflicia Universidade 
Católica de Minas Gerais, 8: Departamento de Bioquímica e 
Imunologia Universidade Federal de Minas Gerais, 9: Departamento 
de Fisiologia e Biofísica Universidade Federal de Minas Gerais 
 
Calcium (Ca2+) signals in the nucleus have been demonstrated to play 
a crucial role in the proliferation of cancer cells. The aim of this study 
was to investigate whether nuclear Ca2+ buffering could enhance the 
antitumor effect of clinical doses of X-Rays on Head and Neck 
Squamous Cell Carcinoma (HNSCC). For that we developed an 
experimental protocol that simulated clinical radiotherapy and 
prevented bystander effects of irradiation. HNSCC cell line (A431) 
was submitted to the following treatments: X-Rays irradiation (10Gy), 
using fractioned doses of 2Gy daily, during five consecutive days, or 
association of previously described treatment with nuclear 
Ca2+ buffering. Twenty four hours before starting the irradiation 
protocol, cells were infected with an adenovirus vector that is capable 
of buffering Ca2+ in the nucleus. Cell proliferation was measured 
directly by cell counting, while cell cycle phases were analyzed by 
flow-cytometry. Nuclear and mitochondrial DNA lesions were 
detected by qPCR. Growth factor and metalloproteinase expression 
were investigated by immunofluorescence, real -time PCR, and 
western blot. Survival fraction was evaluated by clonogenic assay. We 
found 4 ± 0.3% of A431 cell death following 10Gy fractioned 
irradiation protocol, indicating radioresistance. Upon nuclear 
Ca2+ buffering, A431 cell proliferation decreased compared to control 
condition. No effect on the Human Gingival Fibroblasts proliferation 
was observed upon nuclear Ca2+ buffering, demonstrating selectivity 
of the treatment towards cancer cells. Cell cycle analysis showed that 
association of X-Rays with nuclear Ca2+ buffering increased the 
percentage of A431 cells that remained at G2/M, with no apparent 
nuclear/mitochondrial DNA damage. However, X-Rays irradiation 
increased expression of the radioresistance-related biomarker 
ADAM-17, with further activation of EGFR, effects that were 
reverted upon association of X-Rays with nuclear Ca2+buffering. 
Moreover, the association therapy decreased to 99 ± 0.4% the survival 
fraction of the A431 cells, and allowed to reduce the X-Rays 
irradiation to approximately 50% of the cumulative dose. Together, 
these findings contribute to the development of novel radiotherapy 
strategies to head and neck tumors allowing reducing X-Rays 
irradiation exposure. 
 
POS04-03 β-catenin contributes to Bcl-w-induced invasiveness in 
glioma U251 cells by inducing MMP-2 expression. IN HWA BAE1, 
W. Sang Lee2, C. Hyun Joo2, J. Hye Kwon3, 1: Korea Institute of 
Radiologicall & Medical Sciences, South Korea 2: Korea Institute of 
Radiological & Medical Sciences 3: Sookmyung Women‘s 
University, South Korea 
 
We have demonstrated previously that Bcl-w enhances the 
invasiveness of gastric cancer cells, particularly in those evidencing 
infiltrative morphology, by inducing MMP-2, uPA, and FAK 
expression via phosphoinositide 3-kinase (PI3K), Akt, and Sp1. 
Similarly, Bcl-w expression in glioma multiforme has been 
confidently associated with invading populations of cancer cells. This 
study demonstrates that the translocation of β-catenin onto the nucleus 
enhances Bcl-w-induced invasiveness by expressing target genes, such 
as MMP-2, via the PI3K - Akt - β-catenin pathway in glioblastoma 
U251 cells. These findings significantly improve our understandings 
of the Bcl-w-induced signaling processes in cancer cells. 
 
POS04-04. Post-translational nuclear-import of NFkB mediates 
radiation induced TNFα dependent second signaling feed back 
and regulates tumor invasion and metastasis transcriptome. 
Joseph D Balthazar, J. Veeraraghavan, M. Natarajan, T. S. Herman, 
N. Aravindan, University of Oklahoma Health Sciences Center, 
Oklahoma, OK, USA 
 
Ascertaining functional-specific orchestration of NFkB in response to 
IR may throw light on molecular blue print that underlies induced 
neuroblastoma (NB) relapse and metastasis. Accordingly, we 
investigated whether muting IR-triggered post-translational nuclear 
import of NFkB attenuates TNFα dependent second signaling feed 
back and attenuates IR-altered NB invasion and metastasis 
transcriptome. SH-SY5Y, IMR-32, SK-N-MC cells, exposed to 2Gy 
and allowed to incubate further for 1h or 24h, were treated with SN50. 
The cells were examined for NFkB DNA binding activity (EMSA), 
transactivation potential (QPCR) and intercellular secretion of TNFα 
(ELISA). IR triggered NFkB-TNFα transcriptional feed back was 
examined using luciferase reporter assay. Alterations in tumor 
invasion and metastasis transcriptome were assessed using QPCR 
profiling and selectively validated with immunoblotting. IR 
significantly induced NFkB DNA binding activity and this induction 
is completely and persistently (up to 72) suppressed both after 
blocking constitutive (1h) or post translational (24h) NFkB. 
Consistently, we observed a significant reduction in IR-induced 
transactivation and intercellular secretion of TNFα with both 1h and 
24h post-IR SN50 treatment. Conversely, blocking TNF receptor 
resulted in sustained inhibition of NFkB but not AP-1 or SP-1. Luc 
promoter assay revealed a significant reduction in IR induced NFkB 
transcription after blocking TNF receptor. Blocking post-translational 
nuclear import of NFkB profoundly inhibited IR-induced tumor 
invasion and metastasis transcriptome (Table 1.). Immunoblotting for 
MMP2, PYK-2, SPA-1, Dnmt3b and Ask-1 validates the role of post-
translational NFkB in IR regulated invasion/metastasis signaling. 
Together, these data demonstrates that IR induced second phase (post-
translational) NFkB activation mediates TNFα-dependent second 
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signaling and further implies that IR induced NFkB in cells that 





POS04-05. The Role of STAT-3 in Cetuximab-Induced DNA 
Damage. James A. Bonner, E. S. Yang, H. Q. Trummell, S. 
Nowsheen, C. D. Willey, K. P. Raisch, The University of Alabama at 
Birmingham, USA 
 
Objective:  Cetuximab is a monoclonal antibody that inhibits 
activation of EGFr.  Cetuximab induces apoptotic and anti-
proliferative effects that have been previously shown to correlate with 
DNA damage.  Since the Signal Transducer and Activator of 
Transcription-3 (STAT-3) is believed to exert an apoptotic protective 
effect, we hypothesized that depletion of STAT-3 may augment 
cetuximab-induced apoptosis and DNA damage in head and neck 
cancer cells. 
Materials and Methods:  Human head and neck squamous carcinoma 
cells (UM-SCC-5) were transfected with short hairpin RNA (shRNA) 
against STAT-3 (STAT3-2.4 and 2.9 cells).  A mutated form of this 
shRNA was transfected for a control (NEG4.17 cells).  These 
techniques were modified from previously published methodology 
(Bonner J, et al, Radiotherapy and Oncology, 92:339 – 344, 
2009).  Radiosensitivity was assessed by a standard colony formation 
assay.  Proliferation was assessed by daily cell counts following 
treatment and apoptosis was assessed by an annexin V-FITC 
assay.  The alkaline comet assay was used to assess DNA damage. 
Results:  The STAT-3 knockdown cells (STAT3-2.4 and STAT3-2.9 
cells) demonstrated enhanced radiosensitivity compared to control 
NEG4.17 cells, which correlated with increased apoptosis.  Cetuximab 
resulted in greater radiosensitization in the STAT-3 knockdown cells 
compared to NEG4.17 cells.  Also, the STAT-3 knockdown cells 
demonstrated decreased proliferation with cetuximab treatments 
compared to control cells (NEG4.17).  The increased cetuximab 
sensitivity of the STAT-3 knockdown cells correlated with increased 
apoptosis and DNA damage compared to control cells 
(NEG4.17).  Cetuximab treatments resulted in cell cycle distributions 
that were not different in the three cell lines (STAT3-2.4, STAT3-2.9 
and NEG4.17 cells) as assessed daily during the cetuximab exposures. 
Conclusion:  STAT-3 knockdown resulted in enhanced sensitivity to 
cetuximab.  This enhancement was demonstrated by greater 
cetuximab-induced anti-proliferative effects and increased apoptosis 
and DNA damage. 
 
POS04-06. Radiation induced NF-kB signaling cascade study in 
mammalian cells by improved detection systems. Arif Chishti, 
eutsches Zentrum für Luft- und Raumfahrt, Germany 
 
Ionizing radiation induces many signaling pathways. NF-kB is one of 
the most important transcription factors that respond to changes in the 
environment of a mammalian cell. NF-kB plays a key role not only in 
inflammation but also in radiation response mechanisms in response 
to DNA damage, such as regulation of (anti-) apoptosis, and 
carcinogenesis. Our previous studies showed that densely ionizing 
radiation (heavy ions with high linear energy transfer, LET) is more 
effective in inducing biological damage than sparsely ionizing 
radiation (low LET). Therefore it is important to understand radiation 
induced NF-kB signaling cascade. The current study aims to improve 
the assay system by use of the red fluorescent protein tdTomato and 
its destabilized variant DDtdTomato. Newly constructed mammalian 
cell based reporter assays are very effective tools for studying 
radiation response signaling pathways. Recent studies demonstrated 
that radiation treatment of recombinant human embryonic kidney cell 
lines (HEK 293 transfected with NF-kB promoter-reporter constructs) 
is associated with activation of NF-kB gene expression under the 
control of the DNA damage sensing protein ATM. NF-kB signaling in 
mammalian cells is monitored by such reporter assays using different 
fluorescent proteins as reporter components. In conclusion, results 
showed accelerated heavy ions with different qualities and X-rays to 
have the potential to activate NF-kB in human cell. Our inhibitory 
assays confirm that radiation induced NF-kB activation is ATM-
dependent. 
 
POS04-07. Prostate tumor radioprotection modulated through 
CXC-chemokine signalling and loss of functional PTEN. Jonathan 
Coulter , Queen's University Belfast , UK 
 
Background: We have previously shown that exposure of prostate 
cancer cells to chemical DNA-damaging agents can modulate the 
expression of CXC-chemokines and their receptors. We therefore 
designed a series of experiments to determine whether ionising 
radiation (IR) similarly potentiated CXC-chemokine signalling, and to 
determine how the resultant effects of this signalling modulated the 
sensitivity of the cells to IR. Furthermore, we investigated how loss of 
PTEN function, a common and early-onset genetic event in prostate 
cancer may affect the response to IR. 
Methods: IR-transcriptional events that regulate CXC-chemokine gene 
expression were analysed by luciferase reporter assays in both PTEN 
wt and knockout DU145 and 22RV1 cells. Downstream readouts of 
CXCL8 and the associated receptors (CXCR1 and CXCR2) were 
characterised by both qRTPCR and western blot. Colony forming 
assays were used to determine the effect of altered PTEN status on 
cell viability following monotherapeutic, fractionated and 
hypofractionated radiation doses.        
Results: PTEN deficient LNCaP and PC3 cells maximally induced a 
respective 12 fold and 8 fold upregulation of NF-ĸB, while a 3 fold 
increase in AP-1 transcription factor acted as the dominant means of 
CXC-chemokine signalling in PTEN wild type cells. Irrespective of 
PTEN status CXCL8 mRNA transcript levels were upregulated in all 
cells following exposure to 2 Gy. However, PTEN null cells exhibited 
a stronger and prolonged increase in CXCL8 mRNA correlating with 
a concurrent increase in CXCL8 receptor expression. Inhibition of 
CXCR1 and CXCR2 expression using siRNA significantly (p<0.01) 
sensitised PC3 cells to IR induced toxicity, demonstrating that 
inhibited activation of the CXCL8 signalling cascade may result 
potent radiosensitisation. Further data shows that suppression of CXC-
chemokine signalling represses stress-induced NFkB activation and 
anti-apoptotic gene expression, providing a mechanism for increased 
sensitivity to radiation.     
Conclusions: Exposure to IR potently induces CXCL8 activating 
transcription factor NF-ĸB in PTEN deficient prostate cancer cells. 
Used in combination with current radiation treatment regimes, small 
molecule inhibitors of the CXC-chemokine signalling cascade could 
potentially act as novel radiosensitising agents. 
 
POS04-08. Ménage à Trois: PINCH1, PP1alpha and Akt1 as 
critical signaling axis for cellular radio- and chemoresistance. Iris 
Eke1, S. Hehlgans1, A. Shevchenko2, M. Baumann3, D. Zips3, N. 
Cordes1, 1: OncoRay - National Center for Radiation Research in 
Oncology, Medical Faculty Carl Gustav Carus, Dresden University of 
Technology, Dresden, Germany, Germany 2: Max Planck Institute of 
Molecular Cell Biology and Genetics, Dresden, Germany 3: 
Department of Radiation Oncology, Medical Faculty Carl Gustav 
Carus, Dresden University of Technology, Dresden, Germany 
 
Upon exposure to irradiation or cytotoxic drugs, the cellular survival 
is enhanced by cell-extracellular matrix (ECM) interactions. Several 
molecules of the multi-protein focal adhesion complexes are involved 
in pro-survival signaling. Besides the well known role of integrins, the 
main receptors for ECM, Focal Adhesion Kinase and Integrin-Linked 
Kinase in the cellular radiation response, the LIM-only focal adhesion 
protein PINCH1, important for linking integrins and growth-factor 
receptors, might be critically involved in tumor cell resistance to 
radiation and chemotherapy. Here, we examined PINCH1 expressing 
and deficient embryonic mouse fibroblasts and different PINCH1 
depleted (siRNA) human tumor cell lines upon X-ray irradiation and 
treatment with chemotherapeutics. Colony formation assays, Western 
blotting, phosphatase assays, Akt activity assays, site directed 
mutagenesis and in vivo tumor control probability assays were 
performed. PINCH1 knockout or knockdown significantly increased 
the cellular radio- and chemosensitivity in vitro and in vivo correlating 
with a reduced phosphorylation and kinase activity of Akt1 and Akt1 
downstream targets. By immunoprecipitation and mass spectrometry, 
we could identify the known Akt1 regulator Protein Phosphatase 1 
(PP1) as binding partner of both PINCH1 and Akt1. Mutation of the 
putative PP1 binding motif, i.e. KFVEF, at the 5th LIM domain of 
POSTER PRESENTATIONS 
 81 
PINCH1 resulted in a strong reduction of PP1 binding to PINCH1. In 
parallel, we observed enhanced PP1 phosphatase activity and Akt1 
dephosphorylation, indicating an inhibitory effect of PINCH1 on PP1 
phosphatase activity. Our data show that PINCH1 is a new regulator 
of Akt1 and an essential determinant of radio- and chemoresistance. 
Further studies are underway to evaluate the potential of PINCH1 as 
promising tumor target in cancer therapy. 
 
POS04-09. Irradiation results in up-regulation of phosphorylated 
Fos-related antigen 1 (Fra-1) in Glioblastoma Mutliforme (GBM) 
cells. Denise Gibo, W. Debinski, Brain Tumor Center of Excellence, 
Wake Forest School of Medicine, USA 
 
Fos-related antigen 1 (Fra-1), an AP-1 transcription factor, plays an 
important role in neovascularization of solid tumors, including 
glioblastoma multiforme (GBM).  Fra-1 is controlled, among others, 
by oncogenic signaling of epidermal growth factor receptor (EGFR) 
and its mutated, constitutively activated form, EGFRvIII, in GBM 
cells.  Fra-1 is a phosphorylated factor, which transactivates JunB with 
which it preferentially makes AP-1 pairs in GBM cells.  In the current 
study, we irradiated GBM cells over-expressing Fra-1 with doses 
ranging form 1 to 9 Gy (137 Cs) and monitored cells for up to 72 hrs, 
because tumor radiation is a mainstay of GBM therapy.  We found 
that immunoreactive Fra-1 increased with time and dose of 
radiation.  Interestingly, the higher the dose the more of a shift 
towards higher molecular weight bands of Fra-1 was observed.  This 
was suggestive of an increase in phosphorylation of Fra-1, which was 
confirmed directly by using both l phosphatase and Na3VO4, a 
phosphatase inhibitor.  This increase in Fra-1 phosphorylation was not 
prevented by N-Acetyl-L Cysteine although we could detect 
augmented levels of ROS in irradiated GBM cells.  GBM cells 
irradiation also caused an increase in immunoreactive JunB and its 
phosphorylation status.  Furthermore, in clonogenic cell killing assay 
2 Gy already had an effect on GBM cells.  Adding Flurbiprofen to 
irradiated cells, an anti-inflammatory drug of potential Fra-1 
suppressing activity resulted in more potent killing effect of radiation 
and the levels of immunoreactive/phopshorylated Fra-1 surprisingly 
were also elevated.  Thus, we found an increase in the 
phosphorylation state of Fra-1 and JunB in response to stress of 
irradiation.  This was independent of the reactive oxygen species 
formation and may be related, at least in part, to well-described EGFR 
activation in response to irradiation.  Adding Flurobiprofen only 
exacerbates cell killing using irradiation with the levels of Fra-1 
increased as well.  It is plausible that Fra-1 response to irradiation 
contributes to its some undesirable effects. 
 
POS04-10. Involvement of DNA repair pathways in DAG-lactone 
radiosensitization of human LNCaP cells. Carla Hajj1, D. Galvin2, J. 
Truman2, L. Shenker2, R. Kolesnick2, Z. Fuks2, A. 2, T. Thin2, 1: 
Memorial Sloan-Kettering Cancer Center, USA 2: Memorial Sloan-
Kettering Cancer Center, USA 
 
Purpose: To assess whether diacylglycerol-lactone (DAG-lactone) 
radiosensitization is mediated by ATM down-regulation and its effects 
on DNA repair pathways. Background: We previously demonstrated 
that pre-treatment of human androgen-dependent (LNCaP) and 
androgen-sensitive (CWR22-Rv1) prostate cancer cell lines with 
either 12-0-tetradecanoylphorbol 13-acetate (TPA, a known protein 
kinase C activator), or DAG-lactone radiosensitized these cells. This 
effect was mediated by down-regulation of ATM protein levels, thus 
de-repressing the enzyme ceramide synthase (CerS), generation of 
ceramide and apoptosis. Experimental procedures: LNCaP and 
CWR22-Rv1 cells were pretreated for 16 hr with 10μM DAG-lactone 
and irradiated with 20 or 40Gy. γ-H2AX and BRCA1 foci formation 
at 1 and 8 hr post-radiation were scored.Results: Pre-treatment with 
DAG-lactone significantly enhanced apoptosis at 48 hr from 1.1% to 
13.9% (20Gy) and 19.9% (40Gy) respectively in LNCaP cells. 
Immunofluorescent staining for γ-H2AX demonstrated a dose-
dependent increase in γ-H2AX foci formation at 20Gy and 40Gy for 
both 1hr and 8 hr time points. Our data also shows that 40Gy alone 
produces the same amount of DNA double strand breaks (dsbs; as 
measured by γ-H2AX at 8 hr) as 20Gy+DAG-lactone, yet 40Gy alone 
does not induce apoptosis in LNCaP cells, while 20Gy+DAG-lactone 
does, indicating that ATM down-regulation is necessary for the 
apoptotic response. Both BRCA1 and DNA-PKcs foci were rapidly 
induced by radiation at 1 hr and peaked at 3 hr post treatment in the 
presence or absence of DAG-lactone in both cell lines, with no 
significant difference between the treatments, indicating that while 
both HR and NHEJ are active in these cells DAG-lactone 
radiosensitizing effects are not mediated through these repair 
pathways. While apoptotic degradation is associated with γ-H2AX 
phosphorylation, in LNCaP cells these events would be expected at 
24-48 hr. Therefore the foci observed here are unlikely to be 
associated with apoptotic DNA degradation and most likely result 
from DNA DSBs. Conclusions: These data suggest that unrepaired or 
misrepaired DNA DSB trigger post-transcriptional activation of CerS 
via a mechanism that is under investigation. 
 
POS04-11. Phosphorylation and stabilization of c-Myc by NEMO 
renders cells resistant to ionizing radiation through upregulation 
of gamma-GCS. Young-Hoon Han, B. Kim, S. Kwak, J. Yang, Korea 
Institute of Radiological & Medical Sciences, South Korea 
 
The transcription factor c-Myc has been previously shown to be 
phosphorylated and stabilized by NEMO through direct interaction in 
nucleus. NEMO induced upregulation of c-Myc target protein, g-
glutamyl-cysteine synthetase (g-GCS), leading to an increase of 
intracellular glutathione (GSH) level and simultaneous enhancement 
of redox-controlling capacity. NEMO enhanced c-Myc recruitment to 
g-GCS promoters, and c-Myc was essential for NEMO-mediated g-
GCS upregulation. The phosphorylation and stabilization of c-Myc by 
NEMO rendered cells more resistant to ionizing radiation (IR). Thus, 
the interaction between NEMO and c-Myc may be targeted for the 
development of strategy to overcome the resistance to radiotherapy. 
 
POS04-12. TOPORS acts as a novel E3 ligase for H2AX. CHA 
SOON KIM, K. Moon Seong, S. Young Nam, J. Young Kim, K. Hee 
Yang, Y. Jin, KHNP/Radiation Health Research Institute, South Korea 
 
Eukaryotic DNA is organized into nucleosomes and higher order 
chromatin structure, which plays an important role in the regulation of 
many nuclear processes including DNA repair. Especially, H2AX 
plays an important role in chromatin reorganization implicated in 
DNA repair and apoptosis under various DNA damaging stresses, 
which induce the post-translational modifications of H2AX protein 
including phosphorylation, acetylation and ubiquitination. These 
modifications of H2AX protein are mediated by cellular interacting 
proteins. In a previous screen for H2AX interacting proteins, Topors 
was found using in vitro translated proteins pool. In this study, the 
interaction between two proteins was verified with GST pull-down 
assay and immunoprecipitation with mammalian cell extracts exposed 
to diverse DNA damaging stresses such as ionizing radiation, 
doxorubicin, camptothecin and H2O2. The cellular localization of 
Topors proteins was also examined by immunofluorescence assay. To 
elucidate the E3 ligase activity for H2AX as a substrate, ubiquitination 
and sumoylation were analyzed in both in vitro and in vivo. We found 
that Topors interacted with H2AX, and had effect on the protein 
stability of H2AX. We also found a novel ubiquitin E3 ligase for 
H2AX protein. Therefore, these biochemical data propose that Topors 
plays a key role in H2AX protein modification involved in protein 
stability. [This work was supported by Grant No. E11NS06 from 
KHNP and Grant No. 2010T100100303 from the MKE, Republic of 
Korea.] 
 
POS04-13. Knockdown of TGF-beta activated kinase 1 (TAK1) 
promotes cell death induced by ionizing radiation. Takashi Kondo, 
Y. Furusawa, H. Sakurai, Q. Li Zhao, I. Saiki, Univ. of Toyama, Japan 
 
TGF-beta activated kinase 1 (TAK1), one of the MAPK kinase kinase 
(MAP3K) that has been widely accepted as a key kinase activating 
NF-kB and several MAPKs, is upstream of the pathways 
corresponding to a variety of cellular functions in response to stresses 
including DNA damage. To our knowledge, however, there is no 
experimental study assessing the contribution of TAK1 in cell 
sensitivity to ionizing radiation (IR) and IR-induced cell death. In this 
study, we examined whether and how cellular sensitivities to IR are 
modulated by TAK1 in cultured human cells. Stable knockdown of 
TAK1 in HeLa S3 cells resulted in higher loss of clonogenicity when 
cells were irradiated with 5 Gy. Though phosphorylation levels of 
ATM, Chk1, and Chk2 were not affected by TAK1 depletion, slight 
defective cell cycle arrest was observed in HeLa S3 cells lacking 
TAK1 but not in parental cells, reflecting a function of TAK1 in cell 
cycle regulation apart from the classical pathway. In addition, TAK1 
depleted cells underwent SubG1 phase more predominantly than 
parental cells did after release from checkpoints, implying that the 
defective regulation of cell cycle in absence of TAK1 might be 
responsible in part for the increased radiosensitivity. Global gene 
expression analyses by using GeneChip system revealed that genes 
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involved with cell cycle were differentially regulated by IR in these 
two cell lines. In addition, bioinformatics analyses by using Ingenuity 
Pathway Analysis software also identified a different genetic network 
associated with cell cycle regulation. Our results suggest that TAK1 
plays a significant role in cell survival after irradiation probably 
through supplemental regulation of cell cycle progressions in a 
manner independent of the classical pathway mediated by checkpoint 
kinases. This study is the collaboration with Dr. Wei Z.-L., China 
Med. Univ. 
 
POS04-14. Mechanism of radiation-induced arrest of global 
protein synthesis in C3H mouse macrophages. Yoshihisa Kubota1, 
S. Takahashi2, 1: National Institute of Radiological Sciences, Japan 2: 
Research Reactor Institute, Kyoto University, Japan 
 
Previously we reported radiation-induced apoptosis in macrophages of 
C3H mice but not other strains of mice. The depletion of Mcl-1, an 
anti-apoptotic Bcl-2 family protein known to have a very short 
turnover time, through radiation-induced arrest of global protein 
synthesis was identified as a major factor for the apoptosis. In the 
present study, the mechanism by which global protein synthesis was 
suppressed by irradiation was elucidated. Phosphorylation of the 
alpha-subunit of eukaryotic initiation factor 2 (eIF2alpha) is a well 
documented mechanism of downregulating protein synthesis under a 
variety of stress conditions. Western blot analysis using phospho-
eIF2alpha antibody to detect phosphorylation at serine 51 showed the 
increased phosphorylation of eIF2alpha in a dose dependent manner in 
irradiated macrophages of C3H mice, but not B6 mice. Four kinases 
have been identified as eIF2alpha kinases. PKR, PERK, GCN2 and 
HRI are activated by viral infection, endoplasmic reticulum stress, 
amino acid deprivation and hemin deficiency, respectively. The 
antibodies to detect the activation-specific phosphorylation site for 
PKR, PERK and GCN2 were available and used in Western blot 
analysis. Phospho-PKR and phospho-PERK antibody showed no 
change of phosphorylation at the activation-specific site by irradiation. 
On the other hand, phosphorylation of GCN2 at Threonine 898 was 
markedly increased by irradiation in macrophages of C3H mice, but 
not B6 mice. GCN2 is known to be activated through the binding of 
non-aminoacylated tRNA to Histidyl-tRNA Synthetase-related 
domain located in C-terminal region of GCN2 molecule. Whether 
radiation induces amino acid deprivation and/or increment of 
uncharged tRNA in C3H mouse macrophages is under investigation. 
 
POS04-15. The microRNA machinery is dispensable for cell 
survival after gamma-ray irradiation in human primary 
keratinocytes. Jérôme Lamartine, J. Nicolas, University Lyon I- 
CNRS Centre de Génétique et de Physiologie Moléculaire et 
Cellulaire, France 
 
Understanding the mechanisms of cutaneous radiosensitivity is an 
important issue since skin is the most exposed organ to ionizing 
radiations and among the most sensitive. Recent publications describe 
microRNAs (miRNAs), a group of short non-coding RNAs that 
negatively regulate gene expression, as potential modulators of 
cellular response to ionizing radiation (IR), both in vitro and in vivo in 
various cell types and tissues.  However, in epidermal cells, the 
involvement of the miRNAs machinery in the cellular response to IR 
remains to be clarified. To address this question, we settled up an 
expression study of miRNAs in irradiated epidermal keratinocytes. 
We analyzed the results of global miRNA profiling, performed using 
microfluidic system of qPCR assay, which permit to assess the 
expression of almost 800 annotated miRNAs in proliferative, post-
mitotic and differentiated keratinocytes mimicking the various layers 
of human epidermis. These cells were irradiated at 0.5 Gy or 6 Gy and 
miRNAs were extracted 3 or 24 hours after irradiation.  Surprisingly, 
very few miRNAs were significantly up- or down regulated in 3 
independent cultures of primary keratinocytes, whatever the dose, the 
time post-irradiation or the differentiation status of irradiated cells. 
These data might indicate that miRNAs do not respond to ionizing 
radiations in epidermal cells and do not play a major role in the 
cellular response to IR. To go further into this hypothesis, we 
transfected siRNAs targeting DICER or AGO2, two crucial 
components of the miRNA pathway, in cultured keratinocytes prior to 
irradiation. We didn‘t observe any modification of short-term cell 
survival when miRNA-mediated gene silencing was abrogated. 
Altogether, our results indicate that the miRNA machinery is not 
necessary to ensure the survival of irradiated human keratinocytes. 
 
POS04-16. The role of radiation-induced cell death and radiation 
resistance in non small cell lung cancer(NSCLC). Martin Lawlor, 
Queens university belfast, UK 
 
Radiation can kill cells by several death pathways, including 
apoptosis. Recently, there has been evidence to suggest radiation may 
induce alternative modalities of cell death, such as autophagy. 
However there is a debate on the potential cytoprotective nature of 
autophagy and its   relationship to apoptosis. This study aims to 
investigate the significance of autophagy induction post irradiation 
and its relationship to apoptosis.      
Human NSCLC lines were used, H460 p53WT/H1299 p53-/- and a 
normal human bronchial epithelial cell strain were irradiated in a dose 
range of 1-10Gy. Clonogenic analysis quantified radiosensitivities and 
western blotting analysis followed key protein expression. A series of 
autophagy (3-MA) and apoptotic inhibitors (Z-VAD-fmk) were used 
in conjunction with radiation and flow cytometry was used to measure 
levels of apoptosis. A GFP-LC3 construct was used to measure 
induction of autophagy. In parallel radioresistant phenotypes of 
H460/H1299 cells were generated through hyperfractionation regimes 
(2Gy x 30) totalling a net dose of 60Gy. 
Clonogenic analysis of both cell lines, with treatment of the pan-
caspase inhibitor Z-VAD-fmk, revealed a decrease in radiation-
induced cell survival. Western analysis showed attenuation of caspase 
3 cleavage and PARP cleavage after Z-VAD-fmk treatment. PI cell 
cycle analysis revealed cell death levels in 10Gy irradiated cells 
remained constant, even with Z-VAD-fmk treatment and using 
annexin V/PI stain, Z-VAD-fmk treatment showed a trend of 
decreased apoptosis. High background levels of the autophagy marker 
LC3-B II was seen in the more radioresistant H1299 cells. However 
H460‘s expressed a dose-dependant increase in LC3-II levels with Z-
VAD-fmk treatment. H460 resistant clones generated from 
fractionated radiation exposures yielded an increase in radioresistance 
but this was not so for the p53-/- more radioresistant H1299 cells. 
The present data suggests that apoptosis may not have a significant 
role in radiation induced cell death in NSCLC and that the relationship 
between radiation and apoptosis may be more complex through 
autophagy activation. The generation of a radioresistant cell line 
provides an exciting model to investigate the possible mechanisms of 
increased resistance and how this may affect the mechanisms of cell 
death in NSCLC. 
 
POS04-17. Phosphorylation of CLK2 by AKT activation promotes 
cell survival to ionizing radiation. Seon Young Nam, H. Sun Park, J. 
Kim, K. Hee Yang, C. Soon Kim, Y. Jin, Radiation Health Research 
Institute, South Korea 
 
Ionizing radiation regulates cell survival by activating a variety of 
signaling cascades, including the phosphatidylinositol 3-kinase 
(PI3K)/AKT pathway. Our previous study showed that the activation 
of AKT is associated with cell protection against ionizing radiation. 
Given the diverse roles of the AKT pathway in the cellular response to 
ionizing radiation, it is important to identify new physiological 
substrates of activated AKT and to elucidate their biological functions. 
In the present study, we identified CDC-like kinase 2 (CLK2) as a 
new substrate of AKT activation and elucidated its role in cellular 
response to ionizing radiation. AKT directly binds to and 
phosphorylates CLK2 on serine 34 and threonine 127, in vitro and in 
vivo. CLK2 phosphorylation was detected in HeLa cells 
overexpressing active AKT. In addition, we demonstrated that 
ionizing radiation induces CLK2 phosphorylation via AKT activation. 
In contrast, the suppression of endogenous AKT expression by siRNA 
inhibited CLK2 phosphorylation in response to 2 Gy of γ-ray or 
insulin. Furthermore, we examined the effect of CLK2 on the survival 
of irradiated CCD-18Lu cells overexpressing Myc-CLK2. CLK2 
overexpression significantly increased cell growth and inhibited cell 
death induced by 2 Gy. The role of CLK2 in cell survival to ionizing 
radiation was dependent on the phosphorylation of serine 34 and 
threonine 127. Our results suggest that AKT activation controls cell 
survival to ionizing radiation by phosphorylating CLK2, revealing an 
important regulatory mechanism required for promoting cell survival. 
 
POS04-18. Role of the transcription factor C/EBPdelta in ionizing 
radiation response. Snehalata Pawar1, R. Pathak1, J. Wang2, E. 
Sterneck2, M. Hauer-Jensen1, 1: University of Arkansas for Medical 
Sciences, USA 2: National Cancer Institute, USA 
 
Background: Exposure of cells or tissues to ionizing radiation (IR) 
leads to activation of inflammation, programmed cell death and 
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fibrotic responses.  Knowledge of the signaling pathways activated by 
IR is vital to understand and treat normal tissue injury, a common 
side-effect of radiotherapy of tumors. The transcription factor CCAAT 
enhancer binding protein delta (C/EBPd; C/ebpd) is a cytokine 
inducible, acute phase response protein, with apoptotic and tumor-
suppressor-like properties.  Mouse embryonic fibroblasts (MEFs) 
derived from Cebpd-null mice display increased chromosomal 
instability, increased aneuploidy, and loss of contact inhibition.  We 
have recently shown that the Cebpd-null MEFs display high levels of 
gamma-H2AX foci as a measure of DNA damage.  The current 
studies begin to address the role of C/EBPdelta in response to ionizing 
radiation using in vitro cell systems.  
Methods: GEO datasets from NCBI were examined for correlations of 
CEBPD with IR. MEFS from Cebpd wild type (WT) & knockout 
(KO) mice were subjected to ionizing radiation dose of 5Gy and 
changes in cell cycle were monitored by FACS analysis. The human 
dermal fibroblasts GM03349 were exposed to increasing doses of IR 
(0 to 10Gy) and the kinetics of C/EBPdelta expression at RNA and 
protein levels were examined by harvesting cells at 1, 2, 4, 6 and 
24h.  The effects of the p53 activator, nutlin on CEBPD expression 
was examined in human dermal fibroblasts. 
Results:  Analysis of GEO database revealed that CEBPD is an early-
response gene induced by IR and is transiently induced in an ATM-
dependent manner in response to IR.  Cebpd WT mefs showed 
increased growth arrest whereas the KO mefs show increased 
apoptosis in response to IR.  CEBPD is an IR-inducible gene and is 
regulated by p53. 
Conclusions:  These studies begin to elucidate the mechanistic role of 
C/EBPdelta in IR response and may provide a novel target that can be 
modulated to protect normal cells and sensitize tumor cells to 
radiation. 
 
POS04-19. Silver nanoparticles suppress antioxidant system 
through inhibition of AMPK-FOXO3 Pathway. Mei Jing Piao1, R. 
Zhang 1, K. Cheon m1, A. Daseul Kim1, J. Choi2, J. Won Hyun1, 1: 
School of Medicine, Jeju National University, South Korea 2: Faculty 
of Environmental Engineering, University of Seoul, South Korea 
 
Reactive oxygen species (ROS) and oxidative stress are generated by 
ionizing radiation, silver nanoparticles (AgNPs), and chemicals. 
Recently, we reported that AgNPs induced oxidative cell damage via 
mitochondria-derived apoptosis. The antioxidant enzymes such as 
catalase and glutathione peroxidase have been reported to directly 
protect against oxidative stress. In this study, we examined the role of 
antioxidant systems on AgNPs-induced intracellular ROS levels in 
human Chang liver cells and the molecular mechanisms involved. We 
observed that N-acetylcysteine, a potent antioxidant, significantly 
reduced intracellular ROS levels induced by AgNPs. Additionally, 
AgNPs decreased antioxidant enzyme expressions, which are 
mediated by AMP-activated protein kinase (AMPK)-forkhead 
transcription factor 3 (FOXO3) pathways. These results suggest that 
induction of ROS levels and suppression of antioxidant enzyme 
expressions by AgNPs increased cytotoxicity through inhibition of the 
AMPK-FOXO3 pathway. 
 
POS04-20. Ionizing radiation induced-microcephaly depends on 
dissociation of apical structure during embryonic development of 
the mouse cerebral cortex. Mikio Shimada1, J. N. Pulvers2, F. 
Matsuzaki2, T. Matsumoto1, K. Komatsu1, 1: Radiation Biology 
Center, Kyoto University, Japan 2: Laboratory for Cell Asymmetry, 
Center for Developmental Biology, Japan 
 
Embryonic exposure to radiation increased the risk of microcephaly 
and mental retardation. It is known that radiation induced apoptosis of 
cerebral cortex progenitor and neural stem cells result in formation of 
small size brain. However, response to radiation such as DNA 
damage, cell cycle checkpoint and apical surface structural 
maintenance of cerebral cortex remain unclear. In this study, we 
demonstrated responses to radiation induced DNA double strand 
breaks and G2/M cell cycle checkpoint. 1h after irradiation, G2/M 
checkpoint induced in neural progenitor and stem cells and then 4h 
after cells recovery from checkpoint arrest. However, neural basal 
progenitors increased and ZO-1 and g-tubulin, which are apical 
structural proteins of cerebral cortex, dissociated from apical surface 
after irradiation. Furthermore, after irradiation, apical neural 
progenitor and stem cells have large foci of g-H2AX, meanwhile basal 
progenitors have small foci of g-H2AX. Our finding suggest that 
Apical neural progenitor and stem cells means M phase cells are 
sensitive to radiation and lead to dissociation of structure of apical 
surface and microcephaly.  
 
POS04-21. Development of Radiomitigators Targeting the 
Lysophosphatidic Acid Receptors. Gabor Tigyi1, G. Nagyne-Kiss2, 
J. Fells3, D. Liu2, K. Emmons-Thompson2, C. Ryan Yates2, J. Yue2, S. 
E2, F. Lin4, A. Parrill5, W. Deng6, R. Gupte2, D. D. Miller2, 1: 
University of Tennessee Helath Science Center (UTHSC), USA, 2: 
UTHSC, 3: UTHSC , 4: Univeristy of Alabama Birmingham, 5: 
Univeristy of Memphis, 6: RxBio Inc., USA 
 
Radiomitigators are agents that attenuate radiation injury when 
administered after irradiation.  We discovered that lysophosphatidic 
acid (LPA) a lipid mediator/second messenger rescues apoptotically 
condemned cells. LPA protects IEC-6 intestinal epithelial cells in 
vitro and intestinal crypts in vivo from radiation-induced 
apoptosis.  Using LPA receptor KO mice and cells that lack LPA 
receptors we established that the LPA2 receptor subtype is required 
for the antiapoptotic mechanism in vitro and in vivo.  Through its C-
terminal PDZ and LIM-binding motifs LPA2 forms agonist-dependent 
macromolecular signaling complexes.  LPA2 interacts with the 
proapoptotic protein Siva-1 and targets it for proteasomal degradation, 
which in turn arrests DNA-damage-activated apoptosis.  Full 
activation of the NFkB and ERK1/2 prosurvival pathway requires 
formation of an LPA2, NHERF2, and TRIP-6 ternary macromolecular 
complex. These signals inhibit the intrinsic mitochondrial apoptosis 
pathway.  Furthermore, transfection of the LPA2 receptor into mouse 
embryonic fibroblasts derived from LPA1/2 double knockout mice 
restores LPA-dependent radioprotection.  Conditioned medium from 
gamma-irradiated U937 cells induces bystander apoptosis in non-
irradiated IEC-6 cultures and LPA2-transfected MEFs.  We applied in 
silico drug discovery techniques of non-lipid LPA2 agonists.  We 
found a novel LPA2-selective agonist GRI977143 that protects IEC-6 
cells from radiation- and chemotherapy-induced 
apoptosis.  GRI977143 also increases the survival of mice exposed to 
lethal levels of radiation.  Supported by AI08405. 
 
POS04-22. Influence of calreticulin on cellular radiation responses 
is linked to protein acetylation. Amit Verma1, S. Khanna1, A. 
narayan bhatt1, A. farooque1, A. arora2, M. B Arya3, A. arya4, A. 
dhawan4, H. G Raj5, A. prasad4, V. S Parmar6, D. saluja7, B. S 
Dwarakanath1, 1: Institute of Nuclear Medicine and Allied Sciences, 
India 2: Ambedkar Centre for Biomedical Research, University of 
Delhi 3: SSVPG College Hapur U.P. 4: Deparment of Chemistry, 
University of Delhi 5: V.P.Chest Institute, University of Delhi, Delhi 
6: Deparment of Chemistry, University of Delhi 7: Ambedkar Centre 
for Biomedical Research, India 
 
Calreticulin (CRT), an endoplasmic reticulum resident protein shows 
transacetylase activity in vitro, which is higher in presence of 
polyphenolic acetates (like 7, 8-diacetoxy-4-methyl coumarin; 
DAMC), which modifies the activity of a number of proteins 
(enzymes) including glutathione S transferase and nitric oxide 
synthase. Endogenous and DAMC induced changes in acetylation of 
proteins in cells is also linked to CRT levels. Since acetylation of 
proteins influences damage response pathways, we investigated the 
radiomodifying effects of DAMC in human tumor cells with varying 
CRT levels. 
Studied were carried out in a human glioma cells (BMG-1) and its 
isogenic clone over-expressing CRT (CROE) by analyzing clonogenic 
survival, cell proliferation, micronuclei analysis and Western blotting. 
CRT over-expression conferred resistance against radiation-induced 
cell death in CROE cells (Do = 4.1Gy,`D=6.9Gy) as compared to the 
parental BMG-1 cells (Do =2.9Gy,`D=4.2Gy), which correlated well 
with changes in cell proliferation. Radiation-induced cell cycle 
perturbations (particularly G2/M delay) and apoptosis were 
significantly lower in CROE cells compared to the BMG-1 cells. A 
lower level of radiation-induced micronuclei formation observed in 
CROE cells, suggested that reduced induction and / or enhanced DNA 
repair also contributed to the enhanced radioresistance. Consistent 
with this suggestion, we noted relatively lower levels of acetylated 
p53 and GADD45α (pro-death proteins) in irradiated CROE cells, 
while no changes were noted in acetylation of histone H4. Further, an 
increase in grp78 (bip) level in CROE cells indicated an enhanced 
clearance of mis-folded proteins possibly related to rescuing of these 
cells from radiation induced damage. Interestingly, DAMC sensitized 
both the cells to radiation (cell survival and cell cycle delay) and the 
degree of sensitization was higher in CROE implying that these 
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differences could be partly due to CRT-DAMC mediated alterations in 
damage responses linked to changes in protein acetylation. 
These results suggest that calreticulin plays a role in the acetylation of 
proteins, altering pro-survival and pro-death signaling, which also 
influences DAMC induced alterations in radiation response of cells. 
 
POS5 Effects of radiation on inflammation 
and immunity 
 
POS05-01. Repression of Natural Killer Cells in C57BL/6 Mice 
Following Low - Dose Gamma Irradiation. Laura Bannister1, R. 
Mantha2, Y. Devantier2, M. Blimkie2, A. Wilkin2, D. Klokov2, R. 
Lance2, 1: Atomic Energy Canada Ltd., Canada 2: AECL, Canada 
 
Exposures of mice to low doses of X or g irradiation have been 
associated with reduced cancer rate and increased tumour latency. 
Immune stimulation is a potential mechanism for the anti-neoplastic 
effects of low-dose radiation (LDR). One cell type of interest is the 
Natural Killer (NK) cell, a sub-class of lymphocytes that act as a first 
line of defence against virus infection or tumour invasion. NK cells 
mediate lysis of target cells without previous sensitization or a 
requirement for major histo-compatibility restriction, and are 
mediators of anti-tumor immunity and an important source of 
immunoregulatory molecules, such as INF-g. NK cells are relatively 
resistant to high-dose radiation in comparison with other lymphocytes, 
resulting in their short-term selective enrichment in lymphoid tissues 
and blood following irradiation. Chronic or single exposure to low-
dose radiation has also been shown to increase NK cell numbers 
and/or cytotoxicity, and functional studies have associated stimulated 
NK cytotoxicity with supressed tumour metastasis in mice following 
irradiation. In this study, splenic NK cell percentages and cytotoxicity 
against lymphoma cells was measured in C57BL/6 mice 4 and 7 days 
following low-dose or acute high-dose total body 60Co irradiation. 
Relative NK numbers and cytotoxicty following 2 Gy total body 
irradiation (TBI) were similar to those of un-irradiated control mice. 
In contrast, we observed a decrease in both NK cytotoxicity and 
relative cell number following 10 mGy and 100 mGy TBI, with 
effects most pronounced for the 10 mGy dose 4 days following 
radiation exposure (relative NK cell percentages and cytotoxicty 
values were decreased to 35 and 36% of control values, respectively). 
Overall, our results indicate a repression in relative numbers of spleen 
NK cells following low-dose g radiation. One possibility is that NK 
cells were released by the spleen following irradiation to provide an 
increased level of anti-tumor activity following low dose radiation. 
This work was undertaken as part of the NOTE IP 036465 (FI6R), 
Euratom specific programme for research and training on nuclear 
energy, 6th FP of the EC. 
 
POS05-02. Use of an in vitro human skin model to identify 
biomarkers of exposure to ionizing radiation. Hillary Boulay 
Greene, A. Jones, K. Daniel, E. Kennedy, L. Prud'homme-Lalonde, 
Defence R&D Canada - Ottawa, Canada 
 
The quest for reliable and unique biomarkers of radiation exposure is 
an ongoing challenge in the field of radiation biology. Once identified, 
they will provide an invaluable tool for both clinicians wanting to 
assess therapeutic outcomes and sensitivities of patients as well as 
emergency personnel in the field needing to rapidly triage populations 
following an RN event. The cutaneous radiation reaction is an 
important and often limiting factor for radiation therapy and as the 
skin is the first line of defense for exposure, it is an ideal target for 
biomarker investigation. In the current study, we have employed a 
commercially available in vitro human skin model (MatTek EpiDerm 
FT) to examine a multi-cellular dermal response following radiation 
exposure. Significant research has highlighted the involvement of the 
inflammatory response following radiation exposure, particularly 
within the pathophysiology of the cutaneous reaction; therefore, we 
hypothesized that alterations in the cytokine cascade may result and 
thus may represent indices of exposure.  Cytokine profiles of the 
culture media were assessed following skin insert irradiation to 
evaluate possible markers of radiation exposure in a multi-cellular 
context. Tissues were allowed to equilibrate overnight at 37°C 
following delivery. On Day 0 the skin inserts were exposed to various 
doses (0, 2, 4, 8, 12, 16 Gy) of γ radiation (Co-60) and maintained in 
culture for 96 hrs. Tissue viability was assessed on a daily basis with a 
fluorescent metabolic activity assay (alamarBlue) to ensure viability 
was not compromised. Culture media was sampled for cytokine 
analysis at 24 hr intervals and analyzed using the Bioplex system 
which allows for the simultaneous analysis of 17 cytokines. 
Preliminary results suggest that several of the analyzed cytokines have 
an altered expression following radiation exposure (IL-6, IL-8, MCP-
1, G-CSF and IFN-γ). These findings suggest that variations in 
cytokine and chemokine mediator expression may prove to be indices 
of radiation exposure, however inflammatory signaling cascades are 
complex and further studies are required to validate the robustness of 
the radiation response. 
 
POS05-03. Contribution of Radiation-Induced Hematopoietic 
Stem Cell Damage to Long-Term Immune Suppression in Mice 
Surviving Lethal Doses of Ionizing Radiation Exposure. Hui Lin 
Chua1, A. Plett1, C. Sampson1, M. Joshi1, T. J. MacVittie2, C. M. 
Orschell1, 1: Indiana University School of Medicine, USA 2: 
University of Maryland School of Medicine, USA 
 
Residual bone marrow damage (RBMD) persists for years following 
exposure to radiation and is characterized by decreased self-renewal 
potential of hematopoietic stem cells (HSC). Prolonged immune 
suppression following radiation exposure has been postulated to be 
due to radiation-induced thymic dysfunction. The aim of the current 
study was to determine the relationship of RBMD and impaired HSC 
function to immune dysfunction following exposure. To this end, 
C57Bl/6 mice were exposed to 800cGy total-body irradiation 
(TBI, 137Cs, 62cGy/min, LD70/30) and survivors analyzed at various 
time points up to 10.5 months post-TBI for hematopoietic function. 
Compared to non-irradiated age-matched controls, irradiated mice 
exhibited decreased peripheral lymphocyte counts at all time points 
examined, with normal levels of neutrophils. When assessed in 
competitive transplantation assays, 150 purified, sorted c-Kit+ Sca-1+ 
Lineage- CD150+ cells (KSL CD150+), isolated from TBI mice at all 
time points post-exposure, were found to contain <2% of the 
repopulating potential of similar cells isolated from non-TBI age-
matched controls. Of interest, recipients of KSL CD150+ cells from 
TBI mice were also severely deficient in donor lymphoid 
reconstitution, exhibiting values of T-cell CD4+ and CD8+ subsets, 
and B cells of 50% or less compared to mice transplanted with similar 
cells from non-TBI donors. Results of experiments assessing HSC 
homing potential, progenitor potential, chemotaxis to SDF-1a, 
mitochondrial activity, and marrow osteoblast content were similar in 
TBI and non-TBI mice up to 10.5mo post-TBI, indicating that none of 
these parameters is directly responsible for radiation-induced HSC 
dysfunction. While ROS content of KSL CD150+ cells from irradiated 
mice was increased at 1.5mo post-exposure, values at later time points 
were similar to those from non-irradiated mice, and thus also not 
likely a contributing factor to long-term impaired HSC function. In 
summary, these data suggest that the long-term immune suppression 
observed following potentially lethal TBI may be due to direct effects 
on HSC that compromise their multi-lineage repopulating potential. 
[Funded by NIAID, contract # HHSN266200500043C]. 
 
POS05-04. Radiochemotherapy induces a favourable tumour 
infiltrating inflammatory cell composition in Head and Neck 
Cancer. Luitpold Distel1, T. Marianna1, B. Maike2, F. Rainer1, L. 
Dorota1, 1: Strahlenklinik, University of Erlangen, Germany 2: 
Pathologie, University of Erlangen, Germany 
 
Tumour infiltrating inflammatory cells (TIC) have been shown to be 
prognostically relevant in numerous tumour types. Especially low 
counts of regulatory T cells (Treg) and high numbers of cytotoxic T 
cells (CTL) are implicated to improve the clinical outcome. However, 
it is unclear how TIC are influenced by radiochemotherapy (RCT). 
The present study was designed to investigate the effect of a 
radiochemotherapy on intratumoral inflammatory cells. 58 cases of 
head and neck squamous cell carcinoma (HNSCC) were treated by 
surgery after neoadjuvant radiochemotherapy. 
Paraffin-embedded biopsies of untreated primary tumours and tumour 
resections after radiochemotherapy were processed into tissue 
microarrays. Numbers of T cell sub types (CD3+, CD8+ CTL, 
Granzyme B+, CD25+, FoxP3+ Treg), B cells (CD20+), monocytes 
(CD68+) and dendritic cells (DC, CD1a+) were quantified in 
immunohistochemical stainings. 
All inflammatory cell types, except for CD1a+ DC predominated 
stromal compared to the intraepithelial compartment. DC were found 
more frequently in the intraepithelial compartment. Comparing the 
cell counts prior to and after RCT all TIC decreased by a factor of 1.5 
to 25 in both, the intraepithelial and stromal compartment. The 
depletion of inflammatory cells was particularly pronounced for Treg 
and CD25+ cells. The effect was much smaller on CTL (CD8+ and 
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GranzymeB+), macrophages and CD1a+ DC especially with regard to 
the intraepithelial compartment. In cases with complete regression of 
the tumour after neoadjuvant radiochemotherapy the counts of stromal 
CD1a+ DC were significantly higher than in cases with incomplete 
response. The dramatic decrease of Treg and the comparatively stable 
CTL counts strongly increased the CD8/FoxP3 and the Granzyme 
B/FoxP3 ratio (factor 2.5 and 3, respectively). All TIC or TIC-ratios 
are driven by the RCT in a direction which is supposed to be 
prognostic beneficial. The only exception is the high number of 
macrophages and its association with a worse prognosis. 
In conclusion radiochemotherapy reduces the tumour infiltrating 
inflammatory cells and simultaneously evolutes the cell composition 
to a more favourable pattern! 
 
POS05-05. Inflammatory markers of radiation-induced late 
effects. Diana Dubner1, M. Portas2, G. Cristina1, S. Michelin1, 1: 
Nuclear Regulatory Authority, Argentina 2: Hospital de Quemados de 
Buenos Aires, Brasil 
 
Up to now there is no established parameters for the follow-up of 
delayed radiation injuries observed in victims of radiation accidents. 
Persistent  inflammation has been associated with late toxicity and 
pathological radiation fibrosis and it is well known that  cellular 
adhesion molecules  (CAMs) play a key role in the inflammatory 
process genesis. 
The following study was conducted to examine the response of the 
immune system in the inflammatory reactions through the expression 
of CAMs ( ICAM1 and β1-integrin) on granulocytes, lymphocytes and 
monocytes, as well as changes in  subpopulations of lymphocytes in 
patients with  skin injuries after radiotherapy or interventional 
fluoroscopy procedures. 
Were included  in this research protocol twenty patients that 
showed   reactions in tissues (skin, subcutaneous cellular tissue, 
muscle, etc.) by early and late toxicity due to medical exposures to 
ionizing radiation, graded according to the RTOG / EORTC system 
.  In the samples, taken along the follow-up period, the expression of 
adhesion molecules was measured by staining with FITC-conjugated 
monoclonal mouse anti-human antibodies and lymphocyte subsets in 
whole blood were determined by Tritest (Becton Dickinson). Flow 
cytometry was performed on a Becton Dickinson FACS Calibur 
cytometer. 
A significant increase in the expression of β1-integrin on lymphocytes 
( 7.35+/- 2.69 vs 3.56+/- 0.68, p<0.05) was observed. It correlated 
with the severity of the damage. A similar trend  was noted on 
monocytes. The analysis of the relationship CD4+/CD8+  lymphocyte 
subsets revealed a downward trend in the most serious cases. 
These parameters , in combination with other inflammatory indicators 
could be used as  potential follow-up markers of the chronic radio-
induced inflammation  process just as  its response to therapeutic 
treatments. 
Key Words :  Chronic inflammation- Cutaneous radiation syndrome- 
Lymphocyte β-integrin 
 
POS05-06. Neonatal Irradiation Sensitizes Mice to Adult 
Pulmonary Inflammatory Challenges. Jacob Finkelstein1, C. 
Manning2, C. Johnston1, J. Williams1, 1: University of Rochester 
School of Medicine, USA 2: University of Rochester School of 
Medicine, USA 
 
Rationale:  Significant differences exist between the physiology of the 
immature, neonatal lung compared to the adult which may affect acute 
and late response to irradiation. Identifying  these differences would 
be critical in developing successful mitigation strategies for this 
special population.  Our current hypothesis suggests that radiation 
during this critical period is likely to alter developmental processes 
resulting in long-term consequences including altered susceptibility to 
secondary inflammatory challenge.  Methods:  C57BL/6J mice, 4 days 
of age, received total body irradiation of 5.0 Gy.  Mice were examined 
3, 6 or 11 months post irradiation (PI).  At these times mice were 
either challenged with inhaled LPS and examined 24 or 72 hours later 
or were intra-nasally infected with 120 HAU of influenza A virus. 
Body weight and survival were monitored. Pulmonary response was 
determined by lavage and histological examination.  Analysis of 
epithelial and inflammatory markers and gene expression were done 
by immunohistochemical and mRNA analysis. Results:  Irradiated 
neonatal mice exposed to inhaled LPS as adults and examined 24 or 
72 hours later exhibited an augmented inflammatory response and a 
delayed ability to resolve the inflammatory response associated with 
this challenge.  Following influenza infection, irradiated animals lost 
significantly more weight at 6 and 11 months post-irradiation and had 
reduced survival compared to the unirradiated but infected controls 
with a greater effect seen at 11 monthspost radiation. Irradiated 
animals had a reduced percent of lymphocytes recruited to the lung 
following infection compared to shams.  Conclusions:  These results 
demonstrate that early life radiation injury may affect the lung‘s 
response to a subsequent challenge and further suggests that this effect 
may be dependent on the time post-irradiation that the challenge 
occurs.Funded By: NIAID U19 AI-067733-05S1,U19 AI - 
091036,P30 ES-01247, ES T32 07026 and EPA Star PM Center R-
827354. 
 
POS05-07. Effects of irradiation on B-precursor cells and related 
signal transduction. Deping Han, J. Ma, M. Zhang, S. Zhang, P. 
Okunieff, L. Zhang, University of Florida Shands Cancer Center, 
USA 
 
Purpose: The transition of common lymphoid progenitor cells (CLP) 
to pro-B cells to pre-B cells represents the progression of B-cell 
development.  Our purpose is to reveal the effects of IR on this key 
process of functional B cells maturation and the related signal 
transduction.   
Methods:  NIH Swiss male mice were exposed to 5- or 10-Gy subtotal 
body irradiation (one leg out of the radiation field). The bone marrow 
(BM) and spleen were harvested at different time points after ionizing 
radiation (IR) exposure, and then the percentages of 
common  lymphoid progenitor cells (CLP) (Ter119-C-kit+IL-7R+ IgM-
), pro-B cells (CD19+ IgM- C-kit+), and pre-B cells (CD19+ IgM-
 CD25+) were examined with antibody staining followed by flow 
cytometry analysis. The expression levels of signal transduction 
molecular STAT3 and STAT5b, which play very important roles in 
promoting pro-B cells development, were determined with Western 
blotting. 
Results: While the total numbers of lymphoid cells at different stages 
were greatly reduced by IR, the surviving cells maintained the 
transition from CLP to pro-B and then to pre-B with a clear time 
pattern. 1) The percentage of CLP cells was significantly up-regulated 
within 1 week after IR, but there was no difference between the IR 
control 2, 3, 4, or 8 weeks after 5 Gy and 10 Gy as compared to no-IR 
mice. 2)The percentage of pro-B cells was increased significantly 1-2 
weeks after IR, but there was no change after 3 or 4 weeks. 3) The 
percentage of pre-B cells was decreased significantly 1 week and 2 
weeks after sub-TBI, but increased dramatically 3-4 weeks after 
IR. 4) In murine spleens, the percentage of pro-B cells was increased 
significantly 1-2 weeks after IR followed by an increase in the 
percentage of pre-B cells 3 weeks after IR. 5) Western blot results 
showed that the expression of STAT3 and STAT5b in both BM and 
spleen was increased significantly 1 week and 2 weeks after 5-Gy and 
10-Gy sub-TBI, but there were no evident changes in other time 
points. 
Conclusion: These data indicate that 1-2 weeks after IR the 
development and maturation of common lymphoid progenitor cells 
―speeds up.‖ Two weeks is the key time point for the transition from 
pro-B cells to pre-B cells. These transitions reflect the functional 
processes that are preserved in the residual radio-resistant cells to 
restore the immunity that has been greatly damaged by IR. 
 
POS05-08. Immune Response and Microbiome Change by 
Ionizing Radiation. Jae-Hoon Jeong, M. Kim, M. Sun Kim, Y. 
Kyoung Jeong, J. Young Lee, Korea Institute of Radiological and 
Medical Sciences, South Korea 
 
Purpose of this study: By evaluating the importance of intestinal 
microbial population during radiation exposure, we aimed to provide 
feasibility that radioprotection could be enhanced by regulating 
microbiome and accompanying host interaction. 
Materials and Methods: Female C57BL/6 mice were irradiated using a 
cobalt-60 γ-radiation source. Microbial population was analyzed by 
metagenomic methods using pyrosequencing and CLcommunity 
programs. Host immune cells were analyzed by FACS and cytokine 
gene expressions by realtime PCR. 
Results: Abdominal irradiation caused an increase of Firmicutes with 
a concomitant decrease of Bacteroidetes in cecal microbial population. 
Although Tenericutes was few before irradiation, it became a large 
segment of the population. After abdominal irradiation, macrophage 
population was increased and then the level of CD4+ T cells were 
elevated in colonic lamina propria immune cell. In contrast, the 
number of B cells was decreased dramatically after irradiation in 
spleen. Although immune cell population was not changed 
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significantly by probiotics or antibiotics supplementation, antibiotics 
treatment changed the expression of pro-inflammatory cytokine genes 
in colon tissue after irradiation. 
Conclusions: Based on the microbial population study after abdominal 
irradiation, identification and control of the target microbial 
population could provide a new strategy to overcome the side-effect of 
irradiation. More specific approaches to control the microbiome and 
host interaction should be investigated. 
 
POS05-09. Identification of cytokines mediating abscopal bone 
marrow suppression and acute death in mice exposed to a lethal 
dose abdominal irradiation (AI). Dan Jia, P. Corry, C. Fu, 
University of Arkansas for Medical Sciences, USA 
 
We have shown that a lethal dose of AI elicits an abscopal suppression 
of the bone marrow (BM) in mice. This BM suppression is 
accompanied by a rapid elevation of systemic oxidative stress and 
followed by animal death overlapping in time with the 
―gastrointestinal (GI) death.‖ Daily injection of the antioxidant N-
acetyl-cysteine (NAC) or a single dose of BM transplantation (BMT) 
correct the suppressed BM and increased animal survival rate as 
determined previously. The GI tract hosts the largest lymphoid tissue 
in the body and produces a wide range of cytokines, many of which 
can trigger and sustain oxidative stress. The present study was aimed 
to uncover the cytokines mediating the AI-induced BM suppression 
and acute death. Young (10-12 weeks old) male C57BL/6 mice were 
subjected to a single dose (0 or 20 Gy) X-ray AI. Some animals were 
treated with either NAC or BMT. Sera were collected at post-AI day 3 
(D3) and D6, and BM and jejunum homogenates obtained at post-AI 
D6. The samples were analyzed for cytokine contents. A ratio of the 
experiment-to-control values greater than 2-fold in either direction 
was considered a true call. Of the 106 analytes tested, 32 and 40 were 
up-regulated by AI in D3 and D6 sera, respectively, while 7 and 12 
were down-regulated. Time wise, 13 analytes were up-regulated and 3 
were down-regulated by AI in both sera. Furthermore, 9 analytes 
showed changes in the same direction in all three tested tissue types. 
Finally, NAC and BMT each corrected the serum content of 29 
analytes altered by AI, and shared 15 responsive analytes in common. 
Out of the 15 analytes, 4 were up-regulated and one down-regulated 
by AI in both sera. Our results demonstrate that AI elicits systemic 
changes in cytokine composition. Among these responding cytokines 
we have identified five (i.e. gp130, G-CSF, OPG, TNF-alpha and 
Resistin) that are crucial for BM hematopoietic and mesenchymal 
precursor viability and functions and responsible for AI-induced 
abscopal BM suppression and acute death. Moreover, that both NAC 
rescue and BMT rescue act upon a common set of responsive 
cytokines is consistent with our earlier finding that NAC rescue is 
accompanied by an improved BM cellularity. These results support 
our notion that the mitigation effects of NAC is partially through BM 
restoration. 
 
POS05-10. Irradiation induced changes in the quantity and 
function of regulatory T cells. Katalin Lumniczky, A. Balogh, E. 
Persa, A. Benedek, G. Sáfrány, "Frédéric Joliot-Curie" National 
Research Institute for Radiobiology and Radiohygiene, Hungary 
 
Regulatory T cells (Treg) play a key role in maintaining peripheral 
immune tolerance, by which they can interphere with the development 
of an efficient antitumor immune response. Given the importance of 
radiotherapy in the cure of malignant diseases, it is a basic question to 
clarify how ionizing radiation influences Treg pool and function. 
The aim of the study was to evaluate radiation induced quantitative 
and functional changes in the splenic Treg pool as well as mechanisms 
responsible for Treg radiation response. Mice were total body 
irradiated with 2 Gy and splenic cellular fractions analyzed at different 
time points following irradiation. A 1.6 fold increase in the proportion 
of Treg cells within the total CD4 cells was seen as soon as 1 day after 
irradiation, pointing to an increased radioresistance of the Treg 
population. Foxp3+ Treg cells were less prone to irradiation induced 
apoptosis than Foxp3- effector T cells, as shown by TUNEL assay. 
Also, the proliferation index of Treg cells (as evaluated by their Ki67 
positivity) was more pronounced than that of effector T cells. 
Irradiation induced a moderate upregulation of the CTLA4 antigen on 
the Treg cell surface showing a spontaneous activation of Treg cells in 
the irradiated animals. However, the degree of Treg cell activation 
induced by non-specific activation stimuli was impaired by 
irradiation. The suppressive capacity of Treg cells was also impaired, 
which was evident both through their interaction with effector T cells 
and also with dendritic cells. IL-10 and TGF-beta RNA expression 
levels were moderately changed in the Treg cells of irradiated animals 
but were significantly increased in the effector T cells. 
In conclusion, we showed that Treg cells are more radioresistant than 
effector T cells, which leads to their enrichment within the splenic 
CD4 pool of irradiated animals. A reduction in their apoptotic 
potential and an increase in their proliferation index are responsible 
for this enrichment. Functionally, Treg cells from irradiated animals 
are impaired, which is evident both in their reduced suppressive 
capacity and also in their altered response to activation stimuli. 
 
POS05-11. Whole lung irradiated animals infected with influenza 
a virus demonstrate increased mortality, reduced pulmonary 
function and accelerated development of radiation-induced late 
lung injury. Casey M. Manning, C. K. Reed, C. J. Johnston, B. Paige 
Lawrence, J. P. Williams, J. N. Finkelstein, University of Rochester, 
USA 
 
Pulmonary fibrosis is a major complication arising from radiation 
exposure to the lung. In general, pathological changes do not appear 
until months following irradiation; however, studies have 
demonstrated persistent molecular changes in the lung environment 
that arise immediately following irradiation.   We hypothesized that a 
secondary challenge to the lung, given prior to the development of 
radiation-induced lung injury, may exacerbate radiation effects.  In the 
present study, adult, C57Bl/6 mice were intra-nasally infected with 
influenza a virus 10 weeks post- sham or 15 Gy whole lung 
irradiation.  Mock-infected controls from each irradiated group were 
given PBS.  Body weight and survival were monitored after infection 
for 42 days.  Respiratory rates were taken prior to infection and at 3, 
7, 10, 14, 21, 28, 35 and 42 days post-infection.   Compliance and 
resistance measurements were taken to assess pulmonary function 
prior to infection, and at 14 and 42 days post-infection.  At these times 
post-infection, the lung was inflation-fixed and processed for 
histological analysis.  Irradiated animals demonstrated increased 
mortality following infection and failed to recover body weight 
lost.  Both sham and irradiated animals demonstrated a reduced 
respiratory rate throughout the course of infection, which returned to 
baseline levels at day 14.  However, by day 21 post-infection, 
respiratory rates in the infected irradiated animals increased 
significantly compared to all other groups.  At day 42 post-infection, 
this increase was still evident.  No significant difference in lung 
compliance and resistance between groups was observed at day 14 
post-infection, but at day 42 post-infection, infected irradiated animals 
had reduced compliance and increased resistance compared to both the 
infected sham animals and the mock-infected irradiated animals.  The 
observed changes in breathing rate and the reduction in compliance in 
infected irradiated animals are consistent with pulmonary function 
changes observed with pulmonary fibrosis.    From this data, it is 
concluded that thoracic irradiation can increase severity of a 
subsequent pulmonary infection and additionally, virus infection 
following irradiation can accelerate the development of radiation-
induced late lung injury. 
 
POS05-12. Effects of age and gender on radiation pneumonitis 
and nephropathy. Meetha Medhora, F. Gao, J. Narayanan, I. Ionova, 
S. Gruenloh, J. Moulder, E. Jacobs, B. Fish, Medical College of 
Wisconsin, USA 
 
Ionizing radiation induces pneumonitis in rats at 42-70 days and 
nephropathy at later times.  We examined the effect of age and gender 
on survival and function of the lungs and kidneys after total body 
irradiation (TBI) followed by a syngeneic bone marrow transplant 
(BMT).  
Hypothesis: Susceptibility to radiation pneumonitis and nephropathy 
in rats is dependent on age and gender. 
Experiments:  WAG/RijCmcr rats were irradiated at 5 weeks of age 
(young) with 11 and 12 Gy TBI.  Older rats (juvenile adults) at 8 
weeks (males) or 10 weeks (females) were treated with 11 Gy 
TBI.  Rats received BMT immediately after TBI.  Lung and kidney 
functions were measured by breathing rates through pneumonitis and 
blood urea nigtrogen (BUN) at 120 days respectively.  Morbid rats 
were euthanized according to IACUC guidelines.  Animal care and 
dosimetry were done by core facilities at MCW. 
Results: 1) Only 65% of juvenile adult females survived through 
pneumonitis at 70 days after 11 Gy TBI.  Breathing rates increased 
from 136.4 (mean)±9.85 (95% confidence interval) to 216.74±23.22 
breaths/minute indicating lung injury, and returned to baseline by 70 
days.  These females suffered a second phase of morbidity due to 
radiation nephropathy between 120-150 days with no survivors after 
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that time.  The BUN increased from baseline (19-24 mg/dl) to 131 
(108-157) mg/dl at 120 days.  
2) Young females (n=12) survived (100%) through pneumonitis after 
11 Gy with no increase in breathing rates.  The BUN was 164 (110-
244) mg/dl at 120 days, which was not different from the juvenile 
adult females.  
3) All male rats (n=5 at 5 weeks and n=18 at 8 weeks) survived 
pneumonitis up to 70 days with no increase in breathing rates after 11 
Gy.  Juvenile males survived over 120 days with a BUN of 145 (101-
207) mg/dl at 120 days while >70% of young males were morbid from 
nephropathy by 100 days.  A higher dose of 12 Gy also did not induce 
radiation pneumonitis in young males.  
Conclusions:  1) Juvenile adult females developed radiation 
pneumonitis after 11 Gy TBI while young females, young males or 
juvenile adult males were not affected. 
2) In contrast to pneumonitis, young males were more susceptible to 
radiation nephropathy than juvenile adults.  Radiation nephropathy 
was comparable in either juvenile adult or young females. 
Funding: NIH (USA) NIAID/BARDA RC1 AI 81294, 81294-01S1 
and NIAID U19 AI 67734. 
  
 
POS05-13. The co-activation of EBV and JCV virus is associated 
with chromosomal instability and higher radiation sensitivity in 
peripheral blood lymphocytes in Hodgkin lymphoma patients and 
poor clinical outcome. Radhia M'kacher1, M. Ricoul1, G. Shim1, D. 
Buron1, L. Andreoletti2, W. Knowles 3, T. Girinsky 4, . Alain 
Bernheim4, D. Violot 5, C. Parmentier4, J. Bourhis 4, S. Koscielny 4, P. 
Carde4, L. Sabatier1, 1: CEA, France, 2: Laboratory of Virology 
IFR53/EA-3798 Reims , 3: Enteric, Respiratory and Neurological 
Virus Laboratory, Specialist and reference microbiology division, 
Health protection agency, Colindale, London, UK, 4: Institut Gustave 
Roussy, 5: Institu Gustave Roussy, France 
 
Background: B cells are potential sites for latency and reactivation of 
DNA herpesvirus Epstein-Barr virus (EBV) and polyomavirus (JCV). 
We investigated the JCV and EBV status in peripheral blood 
lymphocytes (PBL) and its potential link with chromosomal 
abnormalities and increased radiation sensitivity in 100 Hodgkin 
lymphoma (HL) patients and 100 B-cell non Hodgkin lymphoma (B-
NHL) patients. 
Patients and methods: JCV and EBV were assessed by PCR. FISH 
technique was used to localize viral infection and chromosomal 
abnormalities in peripheral blood lymphocytes before and after 
treatment and during follow-up (10 years). Radiation sensitivity was 
assessed before treatment. Serological studies were assessed using the 
haemagglutination inhibition assay. The influence of viral infection, 
chromosomal instability, and radiation sensitivity on freedom-from-
progression (FFP) was investigated in HL patients. 
Results: The overall rate of seropositivity for JCV was 86.2% in HL 
and 63.3% in NHL, compared to 63% in 98 healthy blood donors 
(P<10-3). PCR product sequencing of PBL identified JCV in 42% of 
circulating lymphocytes in HL patients only. FISH analysis revealed 
the presence of cells with a high JCV genome copy number 
(associated with the presence of rogue cells) exhibited multiple and 
complex chromosomal aberrations, which increased from 15% before 
treatment to 52% (P<10-5) after treatment. The proportion of 
chromosomal aberrations and complex chromosomal rearrangement 
(CCR) was larger in patients with activated JCV or EBV, especially in 
patients with co-activation of EBV and JCV, and in the presence of 
rogue cells. After in vitro irradiation, the frequency of induced 
chromosomal abnormalities was also higher in patients with co-
activation of EBV and JCV. The co-activation of JCV and EBV was 
independent of known prognostic parameters, and were associated 
with a shorter FFP (JCV and EBV co-activation P<0.001) and the 
presence of rogue cells (P< 0.002). 
Conclusion: In HL, JCV activation and chromosomal instability have 
been identified in PBL, and were associated with a more dismal 
prognosis, especially with additional infection with EBV. Prospective 
longitudinal clinical studies should be launched to confirm our 
findings, and to determine the role of human JCV and EBV in the 
relapses and in the malignancy itself in HL. 
 
POS05-14. Combined radiation and burn injury elevates the 
pulmonary inflammatory response. Jessica Remus1, C. 
Deburghgraeve1, M. Bird1, M. Hauer-Jensen2, E. Kovacs1, 1: Loyola 
University Medical Center, USA 2: University of Arkansas for 
Medical Sciences, USA 
 
Events such as a nuclear meltdown accident, nuclear attack, or 
medical radiotherapy all have potential for intentional or unintentional 
dissemination of radioactive material and resultant radiation 
injuries.  Radiation injury frequently occurs in combination with 
another form of trauma, most often burns.  Thus far, combined injury 
studies have focused on skin wound healing and damage to the 
gut.  Since both radiation exposure and remote burn have pulmonary 
consequences, here we examined the early effects of combined injury 
on the lung.  C57BL/6 male mice were subjected to 5 Gray (Gy) of 
total body irradiation followed by a 15% total body surface area scald 
burn.  Survival was monitored and lungs were examined for evidence 
of inflammation and pneumonitis.  Radiation synergized with burn 
injury, resulting in 30% mortality by day 3 post-injury.  48 hours post-
injury, pathology of the lungs from combined injury mice showed 
greater inflammation than all other groups, with marked red blood cell 
and leukocyte congestion of the pulmonary vasculature.  There was 
excessive leukocyte accumulation, primarily neutrophils, in the 
vasculature and interstitium, with occasional cells in the alveolar 
space.  At 48 hours post-injury, myeloperoxidase levels in lungs of 
mice given combined injury were elevated compared to all other 
treatment groups (p<0.01), confirming histological evidence of 
neutrophil accumulation.  Pulmonary levels of the neutrophil 
chemoattractant KC (CXCL1) were 3 times above that of either injury 
alone (p<0.05).  Further, monocyte chemotactic protein-1 (MCP-1, 
CCL2) was increased 2-fold and 3-fold compared to burn injury or 
radiation injury, respectively (p<0.05).  In accordance with increased 
chemokine output, immunohistochemistry revealed numerous Gr-
1+neutrophils and MOMA-2+ macrophages in the lungs of mice that 
received combined injury.  Together, these data suggest that combined 
radiation and burn injury augments early pulmonary congestion and 
inflammation, which could lead to eventual fibrosis and organ 
failure.  Currently, countermeasures for this unique type of injury are 
extremely limited.  Further research is needed to elucidate the 
mechanisms behind the synergistic affects of combined injury in order 
to develop appropriate treatments.  NIH R21/R33 AI080528 (EJK) 
and the Falk Foundation. 
 
POS05-15. Combined radiation injury alters skin barrier function 
and inflammation. Julie Ryan1, J. Judge2, R. Cummings2, B. Stroyer2, 
E. Hernady2, S. F Paoni2, B. M Fenton2, E. Lord2, J. P Williams2, 1: 
University of Rochester Medical Center, USA 2: URMC, USA 
 
Background:  Skin is the body‘s largest organ and its initial line of 
defense against external exposures.  During a nuclear incident, any 
skin injury in the setting of total body irradiation (TBI) can greatly 
increase morbidity and mortality.  We investigated the effect of 
combined radiation injury on skin barrier function and inflammatory 
response.  Our model simulates TBI combined with the superficial 
radiation dose to skin from fallout. 
Methods:  Hairless C57BL6 mice were subjected to 6 Gy TBI (Cs-
137) followed by a concurrent 40 Gy b exposure on the back using a 
7.5 mm diameter circular Sr-90 applicator. Control groups were 
untreated, TBI alone, and b alone.  Clinical effects of radiation 
exposure were characterized by radiation skin toxicity scoring, 
transepidermal water loss (TEWL), and wound healing.  Skin was 
harvested on days 4, 7, 14, 21, and 60 days post-injury for 
immunohistochemical staining. Wound healing, epidermal and dermal 
thickness, and cellularity were quantified using digital and 
multispectral imaging analyses.  
Results:  Skin changes were only visible at b irradiation sites.  TBI + b 
resulted in more severe burns (skin toxicity score = 3.5 vs. 2.5) and 
higher levels of TEWL (38 g/hm2 vs 20 g/hm2) compared to b 
alone.  The highest level of TEWL preceded the worst skin score.  The 
TBI + b burns were larger and healed more slowly (~ 5 days longer) 
compared to b alone.  Hematoxylin & Eosin (H&E) analyses showed 
significant alterations in epidermal and dermal thickness and 
cellularity across all injury models compared to untreated controls 
(p≤0.03).  Interestingly, fluctuations in cellularity were similar at burn 
sites and non-burn sites, suggesting a systemic response to radiation 
injury.  Sustained mast cell and neutrophil infiltrates, at levels higher 
than control groups, were observed in TBI + b skin at 60 days post-
injury. 
Conclusions:  Combined TBI + b radiation injury disrupts the skin 
barrier, impairs wound healing, and alters inflammatory infiltrate. 
Individuals with pre-existing skin barrier defects may be susceptible 
to severe radiation skin toxicity.  Impaired barrier function and 
inflammatory response in skin may increase the burden of the repair 
of damage in other organ systems.  Support:  Center for Medical 




POS05-16. Long-lasting impairment of mucosal barrier function 
in the post-irradiation period impairs mucosal recovery and 
results in a prolonged GI syndrome. . Terez Shea-Donohue1, L. 
Notari1, S. Yan1, A. Zhao1, T. Vanuytsel1, A. Bennett1, A. Ward1, G. 
Tudor2, C. Booth2, A. Fasano1, A. Farese1, T. MacVittie1, 1: 
University of Maryland School of Medicine, USA, 2: Epistem Ltd, 
USA 
 
We established a model in which rhesus macaques (NHP), exposed to 
lethal doses of partial-body irradiation (PBI) within the acute GI-ARS 
range and sparing ~ 5% of bone marrow (PBI/BM5), would survive 
both the GI-ARS and lethal heme (H)-ARS allowing full evaluation of 
GI recovery kinetics in survivors. NHP (n= 32) were exposed to 10Gy 
PBI/BM5 and euthanized at specific time points between 30 and 190 
days post irradiation.  These studies resulted in the identification of a 
prolonged GI syndrome, which was characterized by continued loss of 
weight and intermittent GI symptoms (e.g diarrhea, dehydration) 
despite normal food intake. The aim of the current study was to 
investigate the mechanisms responsible for this novel syndrome.   A 
key observation was a persistent reduction in mucosal barrier function 
measured by transepithelial electrical resistance of jejunal 
mucosae.  From day 35 post-PBI/BM5, there was a significant up-
regulation of the pro-inflammatory cytokines, IFN-g and IL-17A. 
Mucosal healing in the post irradiation period is dependent on a 
number of factors including sparing of stem cell crypts, migration of 
cells up the villus, and maturation of these cells into appropriate 
phenotypes.  Coincident with the persistent inflammation in the post-
PBI/BM5 period was an early and long-lasting impairment of mucosal 
restitution, assessed microscopically, including reduced numbers of 
crypts and failure to regenerate intact villi, which are critical for 
nutrient absorption.  This was paralleled by significant down-
regulation of the SGLT1, the most abundantly expressed glucose 
transporter in the small intestine.  This reduction likely contributes to 
the continued loss of weight observed in the post irradiation 
period.  After 100 days in the post-PBI/BM5 period, ther was a 
significant downregulation in the expression of Lgr5, a putative stem 
cell marker.  These data indicate that even a threshold dose of 10Gy 
induces long-lasting inability of the intestinal mucosa to recover.  The 
10Gy PBI/BM5 Irradiation appeared to initiate a persistent decrease 
mucosal barrier function and inflammation leading to gradual 
reduction in stem cell function.  These findings have important 
therapeutic implications for the design of medical countermeasures.     
Supported by NIH/NIAID # RC1 AI 78520-01S1 and 
HHSN272201000046C.  
 
POS05-17. Therapeutic applications of tumor-specific T 
lymphocytes (CTL) induced by tumor irradiation. Tsuguhide 
Takeshima1, D. Wakita2, H. Kitamura2, T. Nishimura2, H. Shirato1, 1: 
Department of Radiation Medicine, Graduate School of Medicine, 
Hokkaido University, Japan 2: Division of Immunoregulation, Section 
of Disease Control, Institute for Genetic Medicine, Hokkaido 
University, Japan 
 
Radiation therapy is one of the primary treatment modalities for 
cancer as well as chemotherapy and surgical therapy. The main 
mechanism of the tumor reduction after radiotherapy has been 
considered by damaging the tumor DNA. However, we found that 
tumor-specific cytotoxic T lymphocytes (CTL), which were induced 
in the draining lymph node (DLN) and tumor tissue of tumor-bearing 
mice, play a crucial role for radiation-induced tumor-growth 
inhibition. Here, we showed that radiation-induced CTL could be 
expanded ex vivo in the presence of IL-2, and could be used for 
adoptive tumor immunotherapy. C57BL/6 mice were i.d. inoculated 
with EG7 (Ovalbumin(OVA)-transfected EL4) into the right leg. 
When the tumor mass became large, the right leg of mice was 
irradiated with 2 Gy. We confirmed the generation of tumor-specific 
CTL (CD8+OVA-Tetramer+ T cells) in DLN and tumor mass 5 days 
after tumor irradiation. These CTL were isolated from the cells in 
DLN or tumor and propagated for 7 days in the presence of IL-2 and 
IL-12. When the expanded radiation-induced CTL were infused into 
EG7-bearing mice, all mice were completely cured from tumor. We 
are now investigating whether small numbers of radiation-induced 
CTL could eradicate tumor by combination with OVA-specific Th1 
cells. Our results will provide a new strategy for adoptive tumor-
immunotherapy. 
 
POS05-18. Adhesion Up-regulation in Human Primary Retinal 
Endothelial Cells: Investigating the Pathogenesis of Radiation-
Induced Retinopathy. Jordan J. Toutounchian1, K. E. Thompson2, C. 
M. Waters2, J. J. Steinle2, C. R. Yates2, 1: The University of 
Tennessee Health Science Center, USA 2: UTHSC, USA 
 
Purpose: From the treatment of retinoblastoma to survivors of past 
and present nuclear events in Japan, radiation induced retinopathy is a 
profoundly grim and debilitating condition leading to the 
comprehensive/progressive loss of vision. Leukocyte-Endothelial cell 
(EC) interactions are an essential component in early presentation of 
retinopathy. This study aims to construct an in vitro model under 
physiological shear stress conditions to investigate the acute 
mechanistic, expressive and structural pathophysiologies of the 
leukocyte–EC interface in response to direct high-dose irradiation. 
Methods: Human primary retinal endothelial cells (REC) were 
cultured to passage 2-4 and reseeded to 90-95% confluency onto 
75x38mm glass slides. RECs were irradiated at a single dose of 30 Gy 
from a 137Cs source for 9.9 minutes (dose rate ≅ 3 Gy/min) and 
incubated for 2 hours. 
A parallel-plate chamber and continuous flow loop were used to 
establish constant laminar shear stress ranging from 0.8-2.0 
dyn/cm2 using U937 leukocytes in culture medium. Videos were 
recorded at 6 designated fields (Ø 20mm) and analyzed for 2 hours 
using phase-contrast microscopy. Cells entering the field were 
monitored for adhesion events. Confocal microscopy of fixed non-IR 
and IR RECs at 2, 4 and 24 hours was also conducted using P-selectin 
and ICAM-1 cell-surface antibodies.    
Results: Non-IR RECs exposed to U937 leukocytes under continuous 
flow show very few adhesion events. After 30 Gy exposure IR RECs 
adhesion was nearly 4 times that of non-IR RECs (p < 0.05).  RECs 2 
hours post-IR had increases in rolling/tethering and firm adhesion. 
Confocal images of IR-RECs confirm an up-regulation of P-selectin at 
4 hours and ICAM-1 at 24 hours compared to non-IR controls.  
Conclusion: Significant changes to adhesion characteristics in our 
system occur almost immediately post-IR.  Our in vitromodel enables 
real-time analysis and has proven to be a vital preliminary step in 
assessing the detrimental consequences of adhesion-mediated 
endothelial cell injury and proliferation of radiation retinopathy. Using 
this paradigm enables us to effectively assess risk factors and 
causalities associated with direct exposure as well as 
screen/investigate potential agents aimed at combating IR-induced 
proliferative retinopathy in both clinical and environmental settings. 
 
POS05-19. The effects of ionizing radiation on pattern recognition 
receptors. Hironori Yoshino, I. Kashiwakura, Hirosaki University 
Graduate School of Health Sciences, Japan 
 
The immune system is composed of innate and adaptive 
immunity.  Antigen presenting cells (APCs), such as dendritic cells 
and macrophages, serve as a link between innate and adaptive 
immunity.  APCs express pattern recognition receptors (PRRs) which 
recognize pathogen-associated molecular patterns (PAMPs).  Toll-like 
receptor (TLR) and retinoic-acid inducible gene-I (RIG-I) are well-
studied PRRs that play important roles in anti-bacterial or anti-viral 
immunity.  The activation of APCs through PRRs is required for the 
induction of adaptive immune responses.  However, it remains 
unknown whether ionizing radiation affects PRRs.  The effects of 
ionizing radiation on the expression of PRRs and the response against 
PAMPs were herein investigated using THP1 cells (human acute 
monocytic leukemia cells).  THP1 expressed TLR2 and TLR4 which 
are receptors for peptidoglycan and lipoplysacchride (LPS), 
respectively.  Those expressions after X-ray irradiation (1-5 Gy) were 
higher in irradiated cells than in non-irradiated cells.  The response 
against LPS was estimated by the induction of tumor necrosis factor-a 
(TNF-alpha).  The TNF-alpha positive cells were higher in irradiated-
THP1 (2%) than in non-irraidated cells (0.5%).  To investigate the 
effects of ionizing radiation on PRRs in detail, THP1 cells were 
treated with phorbol 12-myristate 13-acetate (PMA) in order to 
differentiate into macrophage-like cells, and then the similar 
experiments were performed.  In contrast to the results of THP1, the 
expression of TLR4 of PMA-treated THP1 after irradiation was lower 
in irradiated cells than in non-irradiated cells.  Although TNF-alpha 
positive cells after LPS stimulation was higher in PMA-treated THP1 
(40%), no significant difference in the response of LPS was observed 
between non-irradiated and irradiated conditions.  We next 
investigated the expression of RIG-I which recognizes double-strand 
RNA.  Although non- or PMA-treated THP1 did not express RIG-I, 
RIG-I was expressed in PMA-treated THP1 after LPS stimulation.  No 
significant effects of irradiation on the RIG-I expression in PMA-
treated THP1 after LPS stimulation was observed.  In conclusion, this 
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study demonstrated that ionizing radiation affects PRRs expression 
and the response of PRRs to PAMPs, but these effects depend on the 
cell types and differentiation state. 
 
POS6 Computational/theoretical studies in 
radiation physics and chemistry 
 
POS06-01. Heavy Ion Track Structure Simulations in Liquid 
Water and Bone. Michael Dingfelder, M. Dingfelder, I. G. 
Jorjishvili, East Carolina University, USA 
 
Monte Carlo (MC) track structure simulations of charged particles 
provide valuable information on the action of radiation on matter with 
biological and medical outcomes. These MC codes require reliable 
interaction cross sections for all charged particles with the material 
under consideration. In current MC codes liquid water serves as 
surrogate of soft tissue and is studied well. However, it is often the 
only material available in track structure codes. Interaction cross 
sections for other materials are obtained from the water cross sections 
using density scaling, which is approximate. Calcium is of special 
interest since it is the most abundant and the heaviest component of 
bone and needed in studies of radiation effects in the bone/bone-
marrow environment. 
Interaction cross sections of charged particles with matter are 
commonly calculated within the framework of the plane-wave Born 
approximation. This method requires detailed knowledge of the 
dielectric response function (DF) of the material. We have determined 
the optical oscillator strength of metallic calcium (i.e., the DF in the 
optical limit) from experimental and theoretical information and have 
modeled the full DF using Gaussian functions. We have calculated 
total and energy differential interaction cross sections for electron and 
proton impact on calcium and are currently evaluating the results. For 
this purpose we have modeled and calculated the mean free path and 
stopping power of silicon using the same models. The optical 
oscillator strength of silicon is taken from the literature. We evaluate 
our results with comparison to calculations for electron impact derived 
from the same optical data and using simple optical data models, 
which are available in the literature. 
This work is supported by the NASA Grant NNJ04HF39G. 
 
POS06-02. A critical targets model of cell survival at high doses 
per fraction. Mirek Fatyga, Virginia Commonwealth University, 
USA 
 
The purpose of this work is to develop a practical model which 
extends Biologically Equivalent Dose (BED) formalism to 
hypofractionated  treatments. Hypofractionation is becoming 
increasingly popular for practical reasons and because of hoped for 
therapeutic benefits. There is a fairly universal agreement that Linear 
Quadratic model overpredicts cell kill at high doses delivered in a 
single fraction.  Most published models which aim to remedy this 
problem introduce a transition dose which separates the region of 
validity of the LQ model from a region described by a new 
mathematical formulation, both the transition dose and the new 
formulation derived from cell survival curves. These models have a 
drawback of introducing a fairly large number of adjustable 
parameters which often complicates modeling of clinical 
outcome.  This paper presents a relatively simple, mechanistic model 
of cell survival which adds one new adjustable parameter, called 
repair probability, to the existing parameters of the LQ model and 
computes universal survival curves for all doses.  The model 
postulates that cell DNA has an unknown number of ―critical targets‖ 
which cause cell death if damaged and not repaired by the DNA repair 
mechanism. The universal survival curve is described by three 
adjustable parameters: number of critical targets, expected number of 
single strand breaks (SSB) in a critical target per unit of dose, and a 
probability to repair SSB in a critical target. We show that the Taylor 
expansion of the universal curve to small doses recovers LQ behavior, 
and we can thus express two of the adjustable parameters in terms of 
familiar LQ parameters alpha and beta.  The model predicts transition 
doses which fall in the range observed in cell survival data, and 
further predicts that the ―linear extension‖ of cell survival curve at 
high doses is itself transitory, as ell survival curves will continue to 
flatten at very high doses. In this model flattening of cell survival 
curves is caused by mathematical properties of Poisson probability 
distribution under conditions of damage saturation within critical 
targets. 
 
POS06-03. The Stochastic Markov Model of Cellular Response to 
Radiation. Krzysztof Wojciech Fornalski1, L. Dobrzyński2, M. 
Janiak3, 1: The A. Sołtan Institute for Nuclear Studies, Poland 2: The 
Andrzej Sołtan Institute for Nuclear Studies 3: Military Institute of 
Hygiene and Epidemiology, Poland 
 
An entirely new mathematical dose response model is presented. A 
fully stochastic model based on the Markov process and the tree of 
probabilities is used to describe responses to ionizing radiation of a 
group of cells. 
The dozens of input parameters are used, like probability of cell death, 
multiplication, mutation etc. and radiation dose per one generation of 
cells. All cells, analyzed case by case, are subjected to stochastic tree 
of probabilities. It results in the new generation of cells, where each 
cell can be healthy, mutated or cancerous. 
The model do not use tendentious dose dependent function but clear 
stochastic approach based on Markov process. 
The results show that overlapping of many linear processes results in a 
threshold, and, generally, a non-linear response. Similar results have 
been experimentally observed and reported in many papers. The 
presented model permits the inclusion of adaptive responses and 
bystander effects that can lead to hormetic effects. Essentially, all 
known biological effects can be reproduced by the model. 
 
POS06-04. Dose Calculation in Radiation Treatment Using an 
Artificial Neural Network. Yong Nam Kim1, J. Bak2, J. Hong Park3, 
S. Ho Park3, K. Jeong1, S. Kon Kim1, 1: Kangwon National Univeristy 
Hospital, South Korea 2: Chung-Ang University Medical Center 3: 
Asan Medical Center, South Korea 
 
Dose calculations which are crucial for radiotherapy treatment 
planning systems require accuracy and speed, simultaneously. The 
conventional radiotherapy treatment planning dose algorithms are 
rapid but lack precision. Monte Carlo methods are time consuming but 
the most accurate. This study intended to apply neural network theory 
to develop a real-time computing algorithm for dose calculation for 
radiation treatment. In order to assess the feasibility of using neural 
network, a neural network algorithm was constructed and compared 
with the results obtained with Monte Carlo calculations. From the 
investigation of basic characteristic of learning algorithm of neural 
network, it is noted that the steep dose gradient in the penumbra 
region causes the inefficient learning performance and propagate the 
error in to the whole region of radiation field. In order to search for a 
method to solve the severe inhomogeneity of dose distribution, the 
Levenberg-Marquardt method was considered introducing the second 
order differentiation of dose distribution as the feedback to the weight 
of the hidden unit of neural network. The improvement was noticeable 
in estimating dose distribution, however it could not provide a 
decisive solution.  A novel method was contrived introducing the 
intermediate tuning stage in which the weight of hidden layer unit is 
firstly optimized considering an analytic function with less steep 
gradient as a dummy target/output and transferred to the original 
target dose distribution. It provided the successful escapement from 
the local minima. Except for the penumbra region, the error was less 
than 5%. By using the dose data measured by 1.5cm interval, the dose 
distribution was successfully calculated by 0.5cm mesh size. It is 
indicated that the feasibility of using neural network was verified. For 
achieving ultimate goal, the further studies should be performed to 
solve the problem of severe inhomogeneity of dose distribution in the 
human body. 
 
POS06-05. Optimization of the positions and irradiation times of a 
brachytherapy source using the genetic algorithm. Ali Asghar 
Mowlavi1, M. Zibandeh-Gorji2, S. Mohammadi3, 1: ICTP, TRIL, 
Trieste-Italy & 2. Physics Department of Sabsevar Tarbiat Moallem 
University, Sabzevar-Iran., Iran 2: Physics Department of Payamnor 
University of Tehran 3: Physics Department of Payamnor University 
of Mashhad. 
 
Introduction: As it is well known, improving in treatment planning of 
brachytherapy is very important. In this research, we have introduced 
a simple method for this purpose. 
Material and Method: We have applied the genetic algorithm to find 
the proper positions and irradiation times of a 125I brachytherapy 
source to deliver a desired dose to the border of the tumor in two 
dimensional surfaces. 
Results: The proper positions and irradiation times of the source have 
been found for some shape of the tumors like cycle or square border. 
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Conclusion: Our results in two dimension surface are interesting, and 
guide us to extend this method to real shape of tumors in three 
dimensions. 
 
POS06-06. New modeling approaches to investigate cell signaling 
in radiation response. Ianik Plante, NASA Johnson Space Center, 
USA 
 
Ionizing radiation damages individual cells and tissues leading to 
harmful biological effects. Among many radiation-induced lesions, 
DNA double-strand breaks (DSB) are considered the key precursors 
of most early and late effects [1] leading to direct mutation or aberrant 
signal transduction processes. In response to damage, a flow of 
information is communicated to cells not directly hit by the radiation 
through signal transduction pathways [2]. Non-targeted effects (NTE), 
which includes bystander effects and genomic instability in the 
progeny of irradiated cells and tissues, may be particularly important 
for space radiation risk assessment [1], because astronauts are exposed 
to a low fluence of heavy ions and only a small fraction of cells are 
traversed by an ion. NTE may also have important consequences 
clinical radiotherapy [3]. In the recent years, new simulation tools and 
modeling approaches have become available to study the tissue 
response to radiation. The simulation of signal transduction pathways 
require many elements such as detailed track structure calculations, a 
tissue or cell culture model, knowledge of biochemical pathways and 
Brownian Dynamics (BD) propagators of the signaling molecules in 
their micro-environment. Recently, the Monte-Carlo simulation code 
of radiation track structure RITRACKS was used for micro and nano-
dosimetry calculations [4]. RITRACKS will be used to calculate the 
fraction of cells traversed by an ion and delta-rays and the energy 
deposited in cells in a tissue model. RITRACKS also simulates the 
formation of chemical species by the radiolysis of water [5], notably 
the .OH radical. This molecule is implicated in DNA damage and in 
the activation of the transforming growth factor beta (TGFb), a 
signaling molecule involved in NTE. BD algorithms for a particle near 
a membrane comprising receptors were also developed and will be 
used to simulate trajectories of signaling molecules in the micro-
environment and characterize autocrine and paracrine cell 
communication and signal transduction. 
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POS06-07. The contribution of non-targeted effects in HZE 
cancer risk: in silico model . Jonathan Tang1, D. Nguyen1, J. Mao1, 
M. Helen Barcellos-Hoff2, S. Costes1, 1: Berkeley Lab, USA 2: NYU 
Medical School, USA 
 
Our main objective is to define the efficiency and physiological 
context in which high LET radiation increases epithelial cancer risk. 
The impact of radiation non-targeted effects (NTE) in promoting 
epithelial cells initiated by targeted to cancer is poorly understood. We 
previously introduced a computational biology model of the mouse 
mammary gland using an agent-based formalism. Agents are 
autonomous software objects that have defined rules or mathematical 
equations that determine how they behave and interact with each other 
and their local environment. Our in silico mammary gland consists of 
interacting agents simulating the different lineages of mammary 
epithelial cells, from mammary stem cells (MaSC) to fully 
differentiated alveolar or luminal cells.  We used this model to analyze 
the complex interplay between apoptosis, proliferation, and 
polarization that leads to morphogenesis and homeostasis in 
vitro (Tang et al., Integr. Biol., 2011). 
Our model can now simulate tumor incidence observed in a p53 null 
transplanted mammary chimera in which either the host, or the donor 
epithelium, or both were irradiated. We first modeled ductal 
morphogenesis and maintenance of transplanted P53 null epithelial 
cells into a non irradiated cleared fat pad. P53 null cells are 
genomically unstable and they were modeled by allowing each 
epithelial agents undergoing division to produce mutant progeny 
which would acquire different phenotypes. Different groups of genes 
necessary for agents\' functions could be mutated this way. The size of 
each of these functional targets was tuned so that in silico tumors (i.e. 
duct diameters > 2 mm) incidence and latency matched experimental 
data (i.e. 65% tumor incidence 1 year after transplant - Nguyen et al, 
Cancer Cell, 2011). 
In agreement with previous gene expression data for low-LET, HZE 
also induced MaSC activity 1 to 4 weeks post-irradiation. When  using 
such information in the model, we predicted a reduce latency for 
radiation-induced tumor. This prediction has already been observed 
for low-LET but remained to be confirmed for HZE. Overall, by 
compartmentalizing the radiation response into a target tissue 
(epithelium) and a non-target tissue (stroma) inside a cellular in silico 
model, we are starting to predict in a mechanistic manner cancer risk 
for a variety of radiation qualities. 
 
POS7 Radiation chemistry and space 
research 
 
POS07-01. Linear energy transfer dependence of Nuclear Factor 
kB activation. Christa Baumstark-Khan1, C. E. Hellweg1, C. 
Schmitz1, P. Lau1, M. M. Meier1, I. Testard2, T. Berger1, G. Reitz1, 1: 
DLR Institute of Aerospace Medicine, Germany 2: Laboratoire 
d'Accueil en Radiobiologie avec les Ions Accélérés, GANIL, France 
 
Purpose. Risk assessment of radiation exposure during long-term 
space missions requires the knowledge of the relative biologic 
effectiveness (RBE) of space radiation components. Few data on gene 
transcription activation (e.g. CDKN1A) by different heavy ions are 
available, suggesting a dependence on linear energy transfer. The 
transcription factor Nuclear factor kB (NF-kB) is involved in the 
regulation of cellular survival, immune responses and inflammation, 
resulting in eminent importance in cancerogenesis. Therefore, NF-kB 
activation by accelerated heavy ions of different LET was correlated 
to survival. Materials and Methods. NF-kB-dependent gene induction 
after exposure to heavy ions was detected in stably transfected human 
293 cells (HEK-pNF-kB-d2EGFP/Neo cells), using the 
destabilized Enhanced Green Fluorescent Protein (d2EGFP) as 
reporter. Results. Argon (LET 272 keV/µm) and neon ions (LET 91 
keV/µm) had the highest potential to activate NF-kB, resulting in a 
RBE of 8.9 in comparison to 150 kV X-rays. In the LET range of 91 – 
272 keV/µm, two particle traversals per cell nucleus are sufficient to 
activate NF-kB. The RBE for survival also reached its maximum in 
this LET range, with a maximal value of 2. Conclusions. NF-kB might 
enhance survival of cells hit by heavy ions in the LET range of 91 – 
272 keV/µm and should therefore be considered for risk assessment of 
radiation exposure during space travel. 
 
POS07-02. The Effects of Proton Radiation on the Prothrombin 
and Partial Thromboplastin Times of Irradiated Ferrets. Gabriel 
Krigsfeld, J. K. Sanzari, A. R. Kennedy, University of Pennsylvania, 
USA 
 
Protons with an energy spectrum ranging from 10-1000 MeV are a 
type of space radiation released during a solar particle event (SPE). 
The doses of radiation that could be received by astronauts from SPE 
radiation can be sufficiently large to cause symptoms of the acute 
radiation syndrome. The planned exploration class missions have 
augmented the risk of astronaut exposure to SPE radiation. Of interest 
are the effects of space radiation on the cardiovascular system. Studies 
are currently being performed to evaluate the acute effects of exposure 
to SPE-like proton radiation during the first 24 hours post-irradiation. 
Previous studies have shown that endothelial cell exposure to 
radiation can increase expression/activity of several genes/proteins 
involved in maintaining blood hemostasis. Therefore, we 
hypothesized that SPE radiation could induce coagulation disorders in 
animals and astronauts, in an acute manner, shortly after radiation 
exposure. 
In these studies, ferrets were exposed to SPE-like proton radiation and 
the effects on the extrinsic and intrinsic coagulation pathways were 
measured using a prothrombin time (PT) assay and an activated partial 
thromboplastin time (aPTT) assay, respectively.  Ferrets were exposed 
to total body irradiation, using 110 MeV protons at doses of 0 (sham), 
25, 100, or 200 cGy, at a high dose rate (HDR) of 50 cGy/min or a 
low dose rate (LDR) of 50 cGy/hour. At 4-8 hrs post-irradiation, 
plasma was isolated from blood samples and analyzed by the PT and 
aPTT assays. We found that plasma isolated from ferrets exposed to 
SPE-like proton radiation had clotting deficiencies indicative of 
coagulopathy. Exposure to proton doses at both the HDR and LDR led 
to increased PT clotting times, ranging from 21.81 seconds 
(measurement before proton radiation exposure) to 26.79 seconds 
(measurement after proton radiation exposure) (p < 0.05). In contrast, 
the aPTT was affected solely by LDR exposures and resulted in a 20-
30% elongation in clotting time, from 31.91s to 41.58s (p <0.05). In 
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conclusion, our results from the PT and aPTT assays indicate an SPE 
radiation-induced prolongation of clotting time. 
These studies were funded by the NSBRI Center of Acute Radiation 
Research (CARR) grant, through the CARR ―tissue sharing‖ 
activities, and an NIH-funded Radiation Biology Training Grant (5-
T32-CA-009677). 
 
POS07-03. Investigation of Dose Rate on White Blood Cell Counts 
following Proton Irradiation in Mice. Casey Maks, J. K. Sanzari, A. 
R. Kennedy, University of Pennsylvania, USA 
 
Solar particle events (SPE) are unpredictable with varying intensity, 
dose rate and duration.  With future space mission time expected to 
increase, the adverse biological effects from SPE radiation have been 
an area of interest in the space community.  The dose rate of SPE 
radiation to the blood forming organs can vary from 10 to 50 cGy/hr 
(Hu, S., et al., Health Physics, 2009, April; 96(4):465-76).  To 
investigate the biological effect of dose rate on the white blood cell 
(WBC) count, mice were exposed to proton radiation at doses of 50, 
75 or 100 cGy at a high (3000 cGy/hr) or low (17 cGy/hr) dose rate.  
6 week old female ICR mice were housed under standard husbandry 
conditions and fed a normal rodent chow diet with ad lib access to 
food and water prior to irradiation at the NASA Space Radiation 
Laboratory.  To deliver a homogenous dose distribution, mice were 
irradiated with 8 different proton energies from 30.63 to 74.52 MeV at 
a dose rate of 3000 cGy/hr or 17 cGy/hr at doses of 50, 75 or 100 
cGy.  At 24 hours after the completion of the radiation exposure, eight 
mice irradiated at each radiation dose were sacrificed and blood was 
collected for complete blood cell analysis.  All protocols in the 
experiment were approved by the Institutional Animal Care and Use 
Committees of the University of Pennsylvania and the Brookhaven 
National Laboratory.  
At 24 hours, the absolute WBC counts of mice exposed to 50, 75 or 
100 cGy at either dose rate were significantly lower than the WBC 
counts of sham-irradiated control mice (p < 0.001).  The WBC counts 
of mice at the high and low dose rates were not significantly different 
from each other, at all doses investigated.  Analysis of total WBC 
count, absolute neutrophil, lymphocyte, and monocyte counts revealed 
no statistically significant differences between the two dose rates, at 
all doses examined.  These data demonstrate a significant decrease in 
WBC counts after proton irradiation at high or low dose rate, in the 
dose range investigated.  The data also show that the same biological 
effects can be observed in WBCs following proton irradiation 
administered at either a high (3000 cGy/hr) or low dose rate, in the 
dose range investigated. 
Acknowledgements: This research was supported by the NSBRI 
Center of Acute Radiation Research (CARR) grant.  The NSBRI is 
funded through NASA NCC 9-58. 
 
POS07-04. ACUTE RESPONSE TO SPACE RADIATION: 
PRODROMAL SYNDROME IN FERRETS. Alexandra Miller1, G. 
King1, A. Kennedy2, D. Gridley3, 1: USUHS/AFRRI, USA 2: 
University of Pennsylvania 3: Loma Linda University Medical 
College, USA 
 
A major solar particle event may place astronauts at significant risk 
for the acute radiation syndrome, which may be exacerbated when 
combined with other injuries, resulting in compromise of crew health 
or the mission.  As part of the Center of Acute Radiation Research 
(CARR), we are using the ferret as a model to study the effects of 
various irradiation qualities and at different dose rates to evaluate the 
risk for the prodromal symptoms (retching and vomiting) for 
astronauts. 
Experiments have been performed at the Loma Linda University 
Medical Center (CA) using either a 60CO source or 110- or 120-MeV 
protons. Ferrets are videotaped during the irradiations and for another 
3-7 hours afterward in a separate facility. Non-irradiated animals are 
observed for 7 hours under identical conditions used for the irradiation 
runs.  Recorded data are rendered into videos and the animals 
observed for retching and vomiting and other behaviors keyed by an 
observer into the AFRRI Incident Response Program (IRP; linked to 
EXCEL) for individual and group analyses. 
The key parameters used for analysis are: 1) proportion of animals in a 
group retching or vomiting or both, 2) the mean number of retches or 
vomits or both in a group, 3) the mean latency to the first retching or 
vomiting event, and 4) the mean duration of the prodromal period. 
With 10-14 animals per group, the first immediate goal has been to 
establish an RBE for the prodromal response in ferrets for gamma- 
and 110/120-MeV proton- radiations. Data analyses demonstrate that 
the RBE for emesis for both high dose rate (0.5 Gy/min) and low dose 
rate (0.5 Gy/hr) protons is approximately 1.0.  Data also show that 
there is a dose-rate sparing effect for proton-induced emesis. Anti-
emetic countermeasure studies are being completed. 
Acknowledgements:  This work is funded by the NSBRI Center of 
Acute Radiation Research (CARR) grant (#RE01801) via the Henry 
M. Jackson Foundation and LLU/NASA Cooperative Agreement 
NNX08AP21G. The NSBRI is funded through NASA NCC 9-58. The 
views presented here do not represent those of DoD or 
AFRRI/USUHS. 
 
POS07-05. A Space Radiation Testing Rig at a Proton Therapy 
Cyclotron. Bhaskar Mukherjee, J. Lambert, C. Fuentes, J. Farr, 
Westdeutsches Protonentherapiezentrum Essen GmbH, Germany 
 
During extravehicular activities (EVA) astronauts are exposed to 
intense, life-threatening radiation from solar flares made of protons of 
a wide energy distribution. Consequently, the design of the space suits 
and their radiation shielding ability are vital to safety of the astronauts 
and ultimate success of the mission concerned. We have simulated the 
solar flares by reprogramming the treatment planning system (TPS) of 
the 230 MeV proton therapy cyclotron operated by WPE and 
developed novel method for the testing of space suits. We have 
parameterised the historical solar flare data (proton energy versus 
proton flux) collected from previous Mir and Space shuttle mission 
logs and altered the conventional proton treatment planning system to 
replicate the solar flare spectra. The proton energy and corresponding 
flux of solar flare were emulated by proton range and exposure time of 
the TPS respectively. At present, using the uniform scanning (US) 
modality on the proton therapy gantry we have produced an exposure 
field size of about 30´30 cm2 and have set up a simple irradiation rig 
to test space suit helmets and other materials used for radiation 
shielding in a space environment. In this report we highlight the 
operation principle of the above irradiation set up and shielding 
calculation results for the helmets used by US astronauts as well as 
Russian cosmonauts. Furthermore, from the derived LET distribution 
of the transmitted protons, shown in our presentation in this 
conference, we will present the results of retrospectively calculated 
radiation doses in the eyes of the Astro/Cosmonauts received in the 
previous space missions. 
 
POS8 Radiation chemistry of bioactive 
compounds  
 
POS08-01. Influence of gamma radiation in chestnut (Castanea 
sativa Mill.) vitamin E content. Isabel C.F.R. Ferrreira1, Ângela 
Fernandes1, Lillian Barros1, João C.M. Barreira1,4, Albino Bento1, M. 
Luisa Botelho2 , 1: Centro de Investigação de Montanha, Escola 
Superior Agrária, Campus de Santa Apolónia, apartado 1172, 5301-
854 Bragança, 2: GTRPP/Unidade de Física e Aceleradores, Instituto 
Tecnológico e Nuclear, Estrada Nacional 10, 2686-953 Sacavém, 3: 
Departamento de Física Fundamental, Universidade de Salamanca, 
Plaza de la Merced, 37008 Salamanca. 4: REQUIMTE/Departamento 
de Ciências Químicas, Faculdade de Farmácia da Universidade do 
Porto, Rua Aníbal Cunha, 164, 4099-030 Porto  
  
Chestnut has to be postharvest treated to increase its shelf-life and to 
meet the fitosanitary regulations during exportation. The most 
common preservation method for chestnuts was the chemical 
fumigation with methyl bromide, a toxic agent that is under strictly 
use according to Montreal Protocol due to the adverse effects on 
human health and environment. Furthermore,  its use has been 
prohibited by the European Union since March 2010 [1]. Food 
irradiation is a possible feasible alternative to substitute the traditional 
quarantine chemical fumigation treatment. The present study evaluates 
the influence of gamma irradiation in vitamin E content of chestnut. 
Vitamin E is a term frequently used to designate a family of related 
compounds, namely tocopherols and tocotrienols, which are important 
lipophilic antioxidants with essential effects in living systems against 
aging, strengthening the immune system and reduction of cancer risk, 
reducing viral load in HIV-infected or in the treatment of Parkinson-
syndrome [2-5]. g-tocopherol and its physiological metabolite, 2,7,8-
trimethyl-2-(β-carboxyethyl)-6-hydroxychroman proved to have anti-
inflammatory activity, being promising alternatives to drugs used as 
cyclooxygenase inhibitors, a key enzyme in the inflammatory process. 
g–Tocopherol represents 95% of the vitamin E in chestnuts, which 
could give to this fruit a functional food classification [6]. 
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The irradiations were performed in a experimental equipment with 
four 60Co sources, with a total activity of 305 TBq (8.233 kCi) in 
November 2009, after calibration with a standard Fricke dosimeter as 
described in a previous study [7], with a dose rate of 0.6 kGy h–1. 
After irradiation geometry dose rate estimation the samples were 
divided in five groups to be exposed to different radiation doses: 0 
(control), 0.25, 0.50, 1.00 and 3.00 kGy. Tocopherols contents were 
analysed by High Performance Liquid Chromatography (HPLC) 
coupled to fluorescence detection. 
The results showed a protective effect in g-tocopherol levels along 
storage, for the different doses of irradiation, compared to the non-
irradiated samples, where this component decreased. Concerning 
chemical parameters, the gamma-irradiation treatment of this food 
product could be a promising process to increase its shelf life, not 
affecting nutraceutical compounds, as is it was observed for g-
tocopherol, an isoform of the most natural powerful antioxidant: 
vitamin E. 
Acknowledgments: ON.2/QREN/EU Project no. 13198/2010, for 
financial support. A.L. Antonio, L. Barros and J.C.M. Barreira thank 
to FCT - Foundation for Science and Technology (Portugal) for their 
PhD (SFRH/PROTEC/67398/2010) and Post-PhD 
(SFRH/BPD/4609/2008, SFRH/BPD/72802/2010) grants, 
respectively. 
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POS08-02. Ascorbyl radical in micellar media – pulse radiolysis 
studies.  Małgorzata Szymańska-Owczarek1, B. Pacholczyk2, S. 
Jankowski2 and Jerzy L. Gębicki1*, 1: Institute of Applied Radiation 
Chemistry, Technical University of Łódź, Wróblewskiego 15 Street, 
93-590 Łódź, Poland, 2: Institute of Organic Chemistry, Technical 
University of Łódź, Żeromskiego 116, 90-924 Łódź, Poland 
  
Ascorbic acid (AsA) readily undergoes two consecutive, yet 
reversible, one-electron oxidation processes to form the ascorbate 
radical as an intermediate. Ascorbate radical has its unpaired electron 
in a highly delocalized π-system, and hence it is a relatively unreactive 
free radical. These properties make AsA a superior biological 
antioxidant. In vivo AsA protects cells from oxidative stress by 
scavenging free radicals and recycling other antioxidants, such as 
vitamin E. 
The activity of ascorbic acid strongly depends on the character of the 
medium in which the oxidation process occurs. AsA is a powerful 
reducing agent in aqueous solutions, while this property is much less 
evident in non-aqueous media. In micellar surfactant systems the both 
type of media are combined and therefore these systems are 
considered as simplified models of biological structures – biological 
membranes. Micellar systems are also representative for many 
nutritional, pharmaceutical and cosmetic products and hence the 
behaviour of AsA in such systems is of scientific and practical 
interest. 
In this study we observed the formation and decay of ascorbyl radical 
in aqueous and micellar systems, both direct and reverse. Pulse 
radiolysis was applied to generate oxidizing radicals of different 
reduction potentials such as ·OH, (SCN)2
-·, ·N3, 
·NO2. The 
characteristic absorption band of ascorbyl radical with two peaks 
around 300 and 360 nm was observed in all systems investigated. It 
was also the case for the micellar systems stabilized with non-ionic 
Igepals, where we have observed specific interaction between 
surfactant molecule and AsA, also confirmed by us in NMR studies. 
Only little effect of surfactants, both anionic and non-ionic, on the 
formation and decay of ascorbyl radical was observed in aqueous 
solutions. However, in reverse micelles stabilized by AOT or Igepal 
CO-520 the decay depended on the size of aggregates controlled by 
the w0 parameter (w0 = [H2O]/[surfactant]) as well as on the 
concentration of the aggregates. In reverse micelles stabilized with the 
non-ionic Igepal CO-520 the decay could be separated into two steps, 
fast and slow, which we have ascribed to the intra- and intermicellar 
processes, respectively. We connect this feature with an interaction 
between AsA and surfactant molecules as mentioned above. 
 
POS08-03. Enhancement of radiosensitivity by topoisomerase II 
inhibitor, amrubicin and amrubicinol, in human lung 
adenocarcinoma A549 cells and kinetics of apoptosis and necrosis 
induction. Sachiko Hayashi1, S. Hayashi1, M. Hatashita2, H. Shioura1, 
A. Hayashi3, Y. Tanaka1, 1: University of Fukui, Japan 2: The 
Wakasawan Energy Research Center 3: Takarazuka City Hospital, 
Japan 
 
The effects of amrubicin (AMR) and its active metabolite, 
amrubicinol (AMROH), on the sensitivity of a human lung 
adenocarcinoma A549 cells to ionizing radiation were investigated in 
vitro. Further, the kinetics of apoptosis and necrosis induction were 
also analyzed. The cytocidal effects of X-ray irradiation on A549 cells 
resulted in a low level of radiosensitivity with a D0 value of 12 Gy. 
The slopes of the survival curves in the exponential phase were 
plotted on semilogarithmic paper for radiation combined with AMR 
(2.5 μg/ml) or AMROH (0.02 μg/ml) treatment, and were shown to be 
approximately parallel to treatment with irradiation alone. The initial 
shoulder shape portion of the survival curve for radiation alone, 
indicating the repair of sublethal damage (SLDR), was reduced as 
compared to that for sequential combined treatment with AMR or 
AMROH. Sequential treatments with AMR or AMROH prior to 
ionizing radiation resulted in an additive radio-enhancement effect 
that reduced not only survival, but also the shoulder width. 
Fractionated irradiation with 2 Gy per fraction with A549 cells was 
carried out in vitro similar to that commonly performed in clinical 
radiotherapy and the radio-resistance of the cells was shown to be 
inhibited by AMR and AMROH. Similar to AMR and AMROH, 
adriamycin (ADM) and etoposide (VP-16) are DNA topoisomerase II 
inhibitors. The effects of those 4 agents on cells that received X-ray 
irradiation were compared and all of the agents exhibited comparable 
radio-enhancement effects. The induction of apoptosis was 
investigated at 48 and 72 hours after administration of AMROH, 
radiation or combined treatment, and apoptosis was not significantly 
induced after any of those treatments. We also examined the induction 
of necrosis, and found that incidence of necrosis following combined 
treatment was approximately 2 times higher than that with either of 
the single treatments. 
 
POS08-04. SPECTRAL AND KINETIC PROPERTIES OF 
TRANSIENT SPECIES DERIVED FORM QUINOXALINE-
DERIVATIVES IN IRRADIATED ORGANIC 
SOLVENTS. Gabriel Kciuk1, K. Bobrowski1, J. Mirkowski1, J. R. De 
la Fuente2, C. Aliaga2, 1: Institute of Nuclear Chemistry and 
Technology, Poland 2: Universidad de Chile 
 
A quinoxaline, also called a benzopyrazine, in organic chemistry, is a 
heterocyclic compound containing a ring complex made up of a 
benzene ring and a pyrazine ring. Quinoxalines are used as dyes, 
pharmaceuticals and antibiotics such as echinomycin, levomycin and 
actinoleutin [1]. Some studies were carried out in order to explore the 
antitumoral properties of quinoxaline compounds [2]. Recently, 
quinoxalie and its analogues have been investigated as the catalyst\'s 
ligands [3]. 
It is well known that both acetonitrile and acetone can be used for 
pulse radiolytic generation of radical cations and radical anions 
precursors. In these two solvents, both radical ions or only radical 
cations are formed under N2 and O2 saturation, respectively [4, 5]. 
In this study, the isolated 7-Br-quinoxalin-2-one radical ions have 
been generated and their spectral and kinetic properties were 
confronted with those of radical ions generated in 7-CN-quinoxalin-2-
one. The knowledge regarding the spectral and kinetic behavior of 7-
Br-quinoxalin-2-one radical ions and triplet excited state will be 
useful in interpreting some of the transient phenomena observed in the 
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pulse radiolysis and flash photolysis of quinoxaline-derivatives in 
various solvents. 
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POS08-05. Alpha-tocoferol and the regulation of lipid 
peroxidation in murine tissues in norm and under acute 
irradiation. Natalia Khrustova, Emanuel Institute of Biochemical 
Physics, Russian Academy of Science, Moscow, Russian Federation 
 
The effect of the acute X-rays at sublethal dose of 5 Gy on the lipid 
composition in the murine tissues was investigated. The content of α-
tocoferol in lipids was measured and compared with different 
phospholipid fractions content. A single injection peros of sunflower 
oil was performed before irradiation as to investigate a case of an 
increased level of α-tocoferol content in mice organs. Changes of the 
interrelations between α-tocoferol content and parameters of the 
physicochemical lipid peroxidation regulatory system for liver, spleen 
and erythrocytes were revealed within one month after the sunflower 
injection and the acute ionizing irradiation, and an inverse correlation 
between the ratio of the phosphatidyl choline to phosphatidyl 
ethanolamine (PC/PE) and α-tocoferol content in different mice 
organs was observed. In the liver lipid composition the fractions 
which are most strongly affected by sunflower injection and acute 
irradiation are revealed along with a steady state level of such 
parameters as a molar ratio of [sterols] / [phospholipids] and relative 
content of phosphatidil choline for the sunflower injection influence, 
the ratio of PC/PE the  for the acute irradiation effect. 
 
POS08-06. DNA strand breaks and base damage as target lesions 
for radioprotection by methylproamine and its analogues. Pavel 
Lobachevsky1, C. Skene2, J. White2, J. Ventura1, R. Martin1, 1: Peter 
MacCallum Cancer Centre, Australia 2: Bio21 Institute, University of 
Melbourne, Australia 
 
Methylproamine is a DNA-binding radioprotector that shares common 
bibenzimidazole structure with fluorescent DNA Hoechst dyes. 
Radioprotective properties of methylproamine have been 
demonstrated in cell culture using such endpoints as clonogenic 
survival and induction of the phosphorylated histone H2AX foci that 
are considered as a marker of DNA double strand breaks. Pulse 
radiolysis studies have established that DNA-associated 
methylproamine undergoes oxidation following exposure to ionising 
radiation involving electron transfer over the distance of a few base 
pairs from the ligand to oxidised DNA species. It is hypothesised that 
electron donation from methylproamine to transient DNA lesions 
represents one of the mechanisms of radioprotection by 
methylproamine. Considering that complex DNA lesions that include 
breaks and base damage in opposite DNA strands are events that are 
responsible for cyto- and genotoxic consequences of the exposure to 
ionising radiation, in the present study we have attempted to establish 
the ability of methylproamine to protect DNA in solution from initial 
radiochemical lesions that result in formation of DNA breaks and base 
damage. 
We used the plasmid DNA model that allows measurement of DNA 
single strand breaks (SSB) by quantitating the conversion between 
supercoiled and open circle relaxed plasmid forms. The combination 
of this SSB assay with the treatment of irradiated plasmid with 
formamidopyrimidine-DNA N-glycosylase (FPG) that recognises 
oxidised purines and converts them to SSB was exploited as an 
endpoint for DNA base damage measurement. 
M to prevent formation of up to 96% of base damage that is revealed 
by FPG treatment. The extent of this radioprotection correlated with 
the fraction of DNA binding sites occupied by the ligand rather than 
with the concentration of the free ligand thus indicating the role of the 
DNA bound radioprotector in the reduction of radiation induced base 
damage.Our results demonstrated the ability of methylproamine and 
some of its analogues at concentration as low as a fraction of  
 
POS08-07. Radiation chemical studies of biologically important 
alkaloids in aqueous solutions of DNA or HSA. Milena Marszałek, 
A. Konarska, E. Szajdzińska-Piętek, M. Wolszczak, Technical 
University of Lodz, MITR, Poland 
 
Isoquinoline alkaloids widely coexist in many Chinese herbal 
medicines, e.g. Rhizoma Coptidis  and Caulis Mahoniae. They possess 
antimicrobial, antidiarrheal and cardiovascular activities, and recently 
have been also suggested as potential drugs for treatment of the 
Alzheimer disease and as photo- or radiosensitizers in cancer therapy 
[1]. In connection to the latter possibility we have undertaken steady-
state and pulse radiolysis study of aromatic alkaloids: coralyne, 
sanguinarine and chelerythrine in aqueous DNA and HSA (human 
serum albumin) systems. The reduced and oxidized forms of the 
alkaloids are also biologically active, but the mechanisms of their 
reodox processes is not fully elucidated. 
Our studies by absorption, emission and viscometric techniques 
indicate that the three examined compounds are classical DNA 
intercalators, while binding to HSA is effective only for neutral 
(enolic) forms of sanguinarine and chelerythrine. 
In the present work we report for the first time rate constants of 
reactions of hydrated electrons with these alkaloids embedded in DNA 
or HSA, and transient absorption spectra of one-electron reduction and 
oxidation products (formed due to reaction with OH radical and other 
species generated in the aqueous phase). The effect of steady-state e-
beam irradiation on absorption spectra of the examined systems is also 
presented. The results are compared with those obtained for 
homogeneous alkaloid/water solutions, and for DNA solutions 
containing palamatine or berberine (not fully aromatic derivatives) 
[2]. In addition, preliminary results on radiation-induced degradation 
of DNA or HSA in the presence of alkaloids (followed by 
electrophoresis) will be discussed. 
Acnowledgement:This work was supported by the grant N 
N204537339 from the Ministry of Science and Higher Education. 
[1] Y. Li, W.Y. He, J. Tian, J. Tang, Z. Hu, X. Chen, J. 
Mol. Struct. 79 (2005) 79. 
[2] M. Marszalek, M. Wolszczak, , Radiat. Phys.Chem. 80 (2011) 94–
99 
 
POS08-08. Mutant of Human Fibroblast Growth Factor-1 
(Q40P/S47I/H93G) Has Strong Radioprotective Effects in 
Mice. Fumiaki Nakayama1, S. Umeda1, M. Asada2, M. Suzuki2, M. 
Zakrzewska3, T. Imamura2, T. Imai1, 1: Advanced Radiation Biology 
Research Program, National Institute of Radiological Sciences, Japan 
2: Signaling Molecules Research Group, National Institute of 
Advanced Industrial Science and Technology (AIST) 3: Faculty of 
Biotechnology, University of Wroclaw, Poland 
 
The structural instability of FGF1 limits its potential for practical use, 
although FGF1 has radioprotective effects. Therefore, we created an 
FGF1:FGF2 chimera (FGFC) previously and showed that it was 
structurally more stable than FGF1 and had extremely high 
radioprotective effects in vivo. In contrast, a number of FGF1 mutants, 
which were more stable than FGFC, were created. Their rate of cell 
proliferation increased in order of their structural stability in vitro. The 
order of stability, from most to least stable, is Q40P/S47I/H93G, 
Q40P/S47I, other mutants, and FGF1. However, the in 
vivo contribution of the structural stability of the FGF1 protein to its 
radioprotective effect remains unknown. This study evaluated and 
compared the protective activity of FGF1, FGFC and FGF1 mutants in 
the absence of heparin. Each FGF was administered intraperitoneally 
to BALB/c mice 24 h before or after total body irradiation (TBI). The 
surviving numbers of crypts per cross-section were determined in the 
jejunum 3.5 days after TBI. TUNEL assay was performed on paraffin-
embedded sections of the jejunum to evaluate apoptosis 24 h after 
TBI. In the case of administration 24 h before irradiation, both 
Q40P/S47I/H93G and FGFC had the strongest effect on crypt survival 
among these FGFs. The radioprotective effect of Q40P was between 
that of FGF1 and Q40P/S47I/H93G. However, Q40P/S47I increased 
crypt survival to almost the same extent as FGF1, although it was 
more stable than Q40P. In addition, Q40P/S47I/H93G and FGFC were 
effective in promoting crypt survival even when it was administered 
24 h after TBI at a dose of 10, 11, or 12 Gy, whereas FGF1 was not 
effective. Q40P/S47I/H93G or FGFC post-treatment significantly 
promoted BrdU incorporation into crypts and increased crypt depth, 
resulting in more epithelial differentiation. In contrast, the number of 
apoptotic cells in Q40P/S47I/H93G or FGFC-treated mice decreased 
to almost the same level as that in FGF1-treated mice. These findings 
showed that Q40P/S47I/H93G enhanced radioprotective activity in 
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vivo to the same extent as FGFC. In contrast, the level of stability of 
FGF1 did not correlated with that of its protective effect on radiation 
intestinal damage. Therefore, not only stability but also other 
conditions might contribute to the radioprotective effect. 
 
POS08-09. Radiosensitization by celastrol is mediated by 
modification of antioxidant thiol molecules. Bo-Jeong Pyun1, H. 
Ran Seo2, W. Duck Seo3, B. Won Lee3, Y. Bae Jin2, K. Hun Park4, E. 
Seo1, Y. Lee2, Y. Lee1, 1: Ewha Womans University/College of 
Pharmacy & Division of Life Science & Pharmaceuticals, South 
Korea 2: Division of Radiation Effects, Korea Institute of 
Radiological and Medical Sciences 3: Department of Functional Crop, 
National Institute of Crop Science, Rural Development Administration 
4: Division of Applied Life Science (BK21 program), EB-NCRC, 
Institute of Agriculture and Life Science, South Korea 
 
The radiosensitizing effects of naturally occurring triterpenes were 
investigated in human lung cancer cells. Several quinone methide-
containing triterpenes (QMTs) enhanced the cytotoxic effect of 
ionizing radiation (IR) and of these QMTs, celastrol (CE) had the 
greatest enhancing effect on IR-induced cell death in 
vitro.Additionally, the quinone methide moiety of CE was shown to 
be essential for CE-mediated radiosensitization; in contrast, 
dihydrocelastrol (DHCE), does not contain this moiety. Reactive 
oxygen species (ROS) production by IR was augmented in 
combination with CE, which was responsible for CE-mediated 
radiosensitization. CE induced the thiol reactivity and inhibited the 
activities of antioxidant molecules, such as thioredoxin reductase and 
glutathione. In vivo, nude mouse xenografting data also revealed that 
tumor growth delay was greater in mice treated with CE plus IR, 
compared with those treated with CE or IR alone. When DHCE, 
instead of CE, was combined with IR, tumor growth delay was similar 
to that in IR alone-treated mice. These results demonstrate that CE 
synergistically enhances the effects of IR and suggest the novel 
anticancer therapeutic use of CE in combination with radiation 
therapy. 
 
POS08-10. Somatostatin receptor 2 is involved in the intestinal 
protective effect of SOM230 after radiation. Wenze Wang1, P. G. 
Biju2, S. Garg1, H. A. Schmid3, M. Hauer-Jensen1, 1: Division of 
Radiation Health, University of Arkansas for Medical Sciences, USA 
2: Division of Radiation Health, University of Arkansas for Medical 
Sciences, Little Rock, AR 3: Novartis Institutes for BioMedical 
Research, Basel, Switzerland 
 
Background: SOM230, a novel somatostatin analog with broad 
affinity to four (sstr1, sstr2, sstr3, and sstr5) of the five somatostatin 
receptors (sstr1-5), potently mitigates total body irradiation (TBI)-
induced lethality in mice by inhibiting exocrine pancreatic enzyme 
secretion, thus preventing ―auto-digestion‖ of the intestine. However, 
the specific receptor involvement for this action has not been studied. 
Methods: Sstr mRNA levels and protein expression were measured in 
cultured rat AR42J pancreatic acinar cells by real-time PCR and 
Western blot, respectively. The effect of SOM230 on trypsin secretion 
was compared in AR42J cells transfected with sstr2 siRNA and 
control siRNA. The effect of SOM230 on intestinal proteolytic 
activity in vivo was measured using a protease fluorescence detection 
kit, and the preservation of intestinal permeability and morphology 
after radiation was assessed in C57BL6 mice. 
Results: AR42J pancreatic acinar cells mainly expressed sstr2 mRNA, 
with the order of expression being sstr2a > sstr2b > sstr4 > sstr5 > 
sstr1 >sstr3. Normalized to sstr3, the relative expression levels were 
156.1 for sstr2a, 21.5 for sstr2b, 10.2 for sstr4, 3.1 for sstr5, and 1.9 
for sstr1. SOM230 strongly inhibited trypsin secretion by AR42J cells. 
Knocking down sstr2, as evidenced by mRNA and protein expression 
levels, blocked the inhibitory action of SOM230 on trypsin secretion. 
SOM230 administration in vivo was associated with decreased 
intestinal proteolytic activity, and, when administration was started 24 
h after TBI, ameliorated post-TBI increase in intestinal permeability 
and protected the morphology of the intestinal mucosa. 
Conclusions: While further studies are needed to investigate the 
possible involvement of sstr1, sstr3, and/or sstr5, these results strongly 
suggest that sstr2 plays a major role in mediating SOM230‘s 
inhibitory effect on exocrine pancreatic secretion. Therefore, sstr2 is 
likely important for the mitigating effects of SOM230 on TBI-induced 
lethality. 
 
POS9 Boron neutron capture therapy 
(BNCT) 
 
POS09-01. Pharmacokinetics and micro-distribution of 
boronophenylalanine in animal model of head and neck squamous 
cell carcinoma. Fong-In Chou1, Y. Lin1, H. Chung2, J. Peir2, S. 
Wang3, 1: Institute of Nuclear Engineering and Science, National 
Tsing Hua University, Taiwan 2: Nuclear Science and Technology 
Development Center, National Tsing Hua University 3: Department of 
Nuclear Medicine, Taipei Veterans General Hospital, Taiwan 
 
Purpose: The success of boron neutron capture therapy (BNCT) is 
highly dependent on the amount and distribution of boron in the 
tumor, and on the ratio of the amount of born in the tumor to that in 
normal tissue. The purpose of this study was to investigate the boron 
micro-distribution in the tumor region, and the biodistribution and 
pharmacokinetics of boronophenyalanine (BPA) for BNCT in nude 
mouse xenograft model of head and neck cancers. 
Material and methods: A total of 1x106 human oral squamous cell 
carcinoma cells (SAS cells) in 100 μl PBS were inoculated 
subcutaneously into the foreleg of five-week-old male nude mice. 
When the tumors reached a suitable size, the mice were intravenously 
injected with 400 mg/kg BPA. At 0, 15, 30, 45 and 60 min following 
BPA injection, tumor, blood and normal organs were collected, 
respectively. Boron concentrations were measured by ICP-AES 
analysis. The micro-distribution of boron in tumor regions was 
investigated by α-track observation. 
Results: A 78% decrease of the boron concentration in blood was 
observed at 15 min after BPA injection. The tumor-to-normal and 
tumor-to-blood boron ratios were 1.59 and 2.43, respectively after 60 
min of BPA injection. Boron concentration in the tumor region 
depended on the size (volume) and growth conditions of the tumor. 
ICP-AES analysis revealed higher boron concentrations in the smaller 
tumors. Notably, the alpha track distribution in the small tumor was 
more uniform than that in the large tumor. A low alpha track density 
in the central necrotic region of the large tumor was observed. The 
boron concentration in the pancreas reached to 79.85 μg/g, which was 
markedly exceeds that in blood and other organs. 
Conclusions: Although the tumor-to-blood boron concentration ratio 
is the key parameter that is used in calculating the radiation dose 
during BNCT, the homogenous distribution of boron in the tumor 
region supposedly should be used to determine for the therapeutic 
efficiency of BNCT. Furthermore, when BPA is used as the boron 
drug for BNCT in cases of abdominal cancer, the pancreas dose 
should be considered. 
 
POS09-02. The Boron Neutron Capture Therapy (BNCT) Project 
at the research reactor TRIGA Mainz, Germany. Gabriele 
Hampel1, C. Schütz2, T. Schmitz2, C. Grunewald2, D. Iffland2, J. 
Kratz2, P. Langguth3, C. Brochhausen4, J. Kirkpatrick4, P. Kudejova5, 
K. Appelman6, R. Moss6, N. Bassler7, M. Ziegner8, M. Blaickner8, P. 
Sharpe9, H. Palmans9, G. Otto10, 1: Institute for Nuclear Chemistry, 
University of Mainz, Germany, 2: Institute for Nuclear Chemistry, 
University of Mainz, Germany, 3: Department of Pharmacy and 
Toxicology, University of Mainz, Germany, 4: Department of 
Pathology, University of Mainz, Germany, 5: Forschungs-
Neutronenquelle Heinz Maier-Leibnitz (FRM II), TU München, 
Garching, Germany, 6: Joint Research Centre (JRC) of the European 
Commission, Petten, Netherlands, 7: University of Aarhus, Norde 
Ringade, Aarhus C, Denmark, Denmark, 8: Molecular Medicine, 
Health & Environment Department, Austrian Institute of Technology, 
Austria, 9: National Physical Laboratory, Teddington Middlesex, UK, 
10: Department of Hepatobiliary, Pancreatic and Transplantation 
Surgery, University of Mainz, Germany 
 
At the University of Mainz, Germany, a research group is carrying out 
fundamental research on boron neutron capture therapy (BNCT) 
applications towards the treatment of liver tumours. Neutron 
irradiations take place at the TRIGA Mark II reactor, biological, 
clinical research and surgery takes place at the University and its 
Hospital of Mainz. Both are situated in close vicinity to each other, 
which is an ideal situation for BNCT treatment. Within the last years, 
research on computational modelling for the irradiation facility, tissue 
and blood analysis, radiation biology, dosimetry and surgery has been 
performed. 
A preclinical trial has been started on patients suffering from liver 
metastases of colorectalcarcinoma. Prior to normal liver resection, 
patients are infused intravenously with 200 mg/kgbody weight of p-
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borono-phenylalanine-fructose (BPA-F) complex, for two hours until 
the moment of resection. During infusion, blood samples are taken to 
provide pharmacokinetic data. Liver samples from tumour and 
tumour-free tissue are taken from different locations in the removed 
liver specimen. The remaining part of the specimen is then irradiated 
under conditions identical to those planned for BNCT treatment. 
For tissue analysis, both Quantitative Neutron Capture Radiography 
(QNCR) and Prompt Gamma Activation Analysis (PGAA) are used. 
For QNCR, CR-39 films overlaid with tissue slices containing 10B are 
irradiated at the TRIGAs in Mainz. Etching and analysis, in 
cooperation with the pathologist, are performed afterwards. PGAA is 
performed at Petten and Garching. PGAA and inductively coupled 
plasma mass spectrometry (ICP-MS) are applied to determine the 
boron content in the blood samples. The results received with the 
different methods and at the different facilities show a good 
agreement. Furthermore, the blood concentration curves reflect very 
well the course of surgery. 
For the described experiments, as well as for the later treatment, a 
reliable dosimetry system is developed. Therefore alanine detectors in 
combination with Monte Carlo (MC) simulations have been tested in 
various experiments. The results demonstrate that Alanine pellets are 
suitable for dose measurements in a mixed neutron – gamma field. 
 
POS09-03. Linearity tests of Gafchromic EBT2 film irradiated in 
an epithermal neutron beam. Ming-Chen Hsiao1, W. Chen2 Y. Liu3, 
H. Liu3, S. Jiang1 1: Institute of Nuclear Engineering and Science, 
National Tsing Hua University, Taiwan 2: Department of Biomedical 
Engineering and Environmental Sciences, National Tsing Hua 
University, Hsinchu 30013, Taiwan 3: Nuclear Science and 
Technology Development Center, National Tsing Hua University, 
Taiwan 
 
Gafchromic EBT2 film belongs to radiochromic detectors, which is 
commonly applied in conventional radiotherapy dosimetry to provide 
2D dose information. EBT2 film is, however, relatively much less 
used in neutron/gamma-ray mixed field dosimetry such as in boron 
neutron capture therapy (BNCT). Low cost and easy use of the film 
make it an ideal candidate for 2D dose measurement in BNCT. To 
establish the ability of using EBT2 film in mixed field dosimetry, its 
linearity response in the mixed field is certainly of our interests. 
The film was calibrated by a 60Co beam (20 – 1,500 cGy) and a 6-MV 
LINAC (20 – 4,000 cGy). The dose range of the performed calibration 
in the 6-MV LINAC was raised to 4,000 cGy due to the possible high 
dose delivery given by the mixed field which does not commonly 
have in conventional therapy. The calibration curves were then used to 
obtain the photon-equivalent dose (γ-cGy) in the linearity test. To test 
the response linearity, the EBT2 film was irradiated in the BNCT 
epithermal neutron beam at the Tsing Hua Open-pool Reactor at 1.2 
MW. To obtain different dose deliveries to the film, the film was cut 
into small square pieces and positioned in a 21 x 21 x 21 cm3 acrylic 
phantom placed against the beam opening at depths of 2, 5, and 10 cm 
for irradiation. Different irradiation times were performed to extend 
the dose observation range under a reliable monitoring of fission 
chamber detectors. All the measured responses were converted into 
pixel and optical density (OD) values and were then normalized 
according to the monitor readings. 
The calibration results were obtained in red and green wave lengths 
respectively as OD and pixel values, but only the red component was 
used in the linearity experiments. From the results, EBT2 film 
presented large responses to neutrons and therefore the epithermal 
neutron beam can easily deliver a dose over 4,000 γ-cGy to the film 
(30 min irradiation at 2-cm depth can give >5,000 γ-cGy). The 
linearity of EBT2 film, however, is only good before 1,500 γ-cGy 
(both OD and pixel modes). After 800 γ-cGy, the values obtained 
from OD and pixel calibration curves turned to clearly deviate from 
each other. This work has showed us a better insight into the linearity 
response and the functional range of the EBT2 film in the mixed field; 
it also reveals the fact that EBT2 film has large responses to neutrons. 
 
POS09-04. Extension collimator design for head-and-neck cancer 
treatment using BNCT. Yu-Shiang Huang1, Y. Liu2, Y. Hsueh Liu2, 
1: Nuclear Science and Technology Development Center, National 
Tsing Hua University, Taiwan 2: National Tsing Hua University, 
Taiwan 
 
Accurate positioning and field size control are the major items of 
radiotherapy. In boron neutron capture therapy (BNCT) for head-and-
neck (H&N) cancer, extension collimator can be used to assist patient 
positioning. In this study, a preliminary design study was performed to 
assess different extension collimator designs for H&N cancer 
treatment performed at the Tsing Hua Open-pool Reactor (THOR). 
The length of extension collimator affects the accommodation space 
of patient shoulder and patient pose holding. The moderation of field 
size and material can reduce fast neutron dose and protect normal 
tissues outside the field. Since the extension collimator is 
mechanically attached to the surface of beam exit, heavy material may 
cause installation problem. Hence, polyethylene (PE) is considered as 
a proper choice due to its physical density of 0.94 g/cm3 and good 
performance in neutron moderation. PE is consequently used as the 
major construction material while functional materials like Li2CO3, Bi, 
and Pb are used as collocation. MCNP5 was used to perform 
sensitivity study on geometric factors. Dose distributions inside and 
outside the collimator, as well as at the exit, are calculated. Collimator 
lengths from 5 – 30 cm were tested. 7 different wall thicknesses were 
calculated as well. Two beam opening sizes were considered: 4 and 7 
cm in diameter. All calculations were done basing on the BNCT beam 
of the THOR. 
The results showed that a length of 15 – 25 cm is good for patient 
positioning when considering the actual shoulder sizes. However, a 
longer collimator results in a weaker beam output. For the wall 
thickness, 1-cm can provide sufficient moderation to reduce fast 
neutron dose while not causing too many capture 2.2-MeV gamma 
rays. Note that, a thicker wall will not result in a higher epithermal 
neutron flux. For the diameter of collimated field, a smaller size can 
have ~2% higher epithermal neutron flux at the beam exit center. 
Nevertheless, the field size should be larger than the size of target 
tumor. PE combined with Bi or Pb have no significant improvement 
with regards to beam flux and background dose, but the total weight 
of collimator becomes much heavier. PE combined with Li2CO3, can 
decrease gamma-ray dose around the collimator and this combination 
is considered as the best solution when the construction cost is not a 
major issue. 
 
POS09-05. A study on the photon and electron response functions 
of Exradin TE(TE) and Mg(Ar) ionization chambers. Yi-Chun 
Lin1, Y. Liu2, S. Nievaart3, Y. Chen4, S. Jiang5, W. Chou1, 1: 
Department of Biomedical Engineering and Environmental Sciences, 
National Tsing Hua University, Taiwan 2: Nuclear Science and 
Technology Development Center, National Tsing Hua University 3: 
Institute for Energy, Joint Research Centre 4: Department of 
Engineering and System Science, National Tsing Hua University 5: 
Institute of Nuclear Engineering and Science, National Tsing Hua 
University, Taiwan 
 
The purpose of this study is to evaluate the photon and electron 
response functions of two commercially available ionization 
chambers, denoted as TE(TE) and Mg(Ar), employed in an epithermal 
neutron beam. Neutron fields used for radiology and radiotherapy 
always contain accompanying by photons. These photons and 
following electrons can be generated from reactor core, filter 
moderator for system, and materials such as human tissue along the 
beam traveling. Due to the different particle behaviors and for the sake 
of accurate dose measurement, it is important to obtain dose responses 
of chambers to incident photons and electrons with energy from 20 
keV to 20 MeV. The Monte Carlo code, MCNP5, was used to 
calculate energy deposition in chamber cavity by using a simple 
spherical model and was compared to other Monte Carlo codes, 
EGSnrc and Fluka. We also study the influence of ESTEP parameter 
in the three electron transport modes of MCNP5 for optimal 
calculation. MCNP5 had lower response than other two codes for 
photon energy bellow 0.1 MeV and similar response for above 0.2 
MeV in the Mg(Ar) chamber model. For TE(TE) chamber, three codes 
were almost identical over the whole photon energy range. Electron 
energies bellow 1 MeV did not cause dose contribution with 3 mm 
wall thickness in the Mg(Ar) chamber and 5 mm wall thickness in the 
TE(TE) chamber, respectively. Regarding the application of the 
photon and electron dosimetry, MCNP5 with 100 to 1000 ESTEP 
setting of ITS mode is recognized as the optimal condition with 
respect to calculation efficiency and trustiness. This work shows us a 
better insight into the performance of different Monte Carlo codes in 
photon-electron transport calculation and it reveals the significant 
energy dependent response functions of the chambers to incident 
photons and electrons. 
 
POS09-06. Virtual determination of 2D boron neutron capture 
reaction rate by indirect neutron radiography and neutron 
activation analysis for BNCT. Yuan-Hao Liu, Y. Huang, National 




Boron dose is the main therapeutic dose of boronneutron capture 
therapy (BNCT) which can be determined by estimating the numberof 
boron neutron capture reactions (BNCRs) occurred in the region of 
interest. Hence,BNCRs determination becomes an important issue. 
Nowadays, the estimation of BNCRsand its 2D distribution are 
commonly done by using solid-state nuclear trackdetectors. However, 
it needs a certain 10B concentration in thetarget, which is not always 
practical for commonly used hydrogen-rich phantoms,such as PMMA 
and PE phantoms applied for the purpose of dose assessment. Inthis 
study, a new method was proposed to assess the 2D absolute BNCR 
rate inhydrogen-rich phantoms by using indirect neutron radiography 
(INR) and neutronactivation analysis. 
INR coupling with neutron activation analysis hasbeen used in 
determining 2D absolute reaction rate distribution. While 
activationanalysis provides the absolute reaction rate, INR applies an 
activationconverter, such as a Cu sheet, and an area detector like 
imaging plate toobtain the relative 2D radioactivity distribution of the 
irradiated converter. SinceBNCR does not result in radioactive 
products, it is not suitable for INR. Nevertheless,in a hydrogen-rich 
phantom, BNCRs are mostly induced by thermal neutrons. As a 
result,it is reasonable to assume that an activation converter whose 
radioactivitycomes mainly from thermal neutrons can be used to 
reproduce the relative BNCRrate distribution. To find out proper 
converter materials, MCNP5 was used tocalculate the relative 2D 
reaction rate distribution of 10B andseveral different materials along 
the central axis of a 21 x 21 x 21 cm3PMMA phantom irradiated in the 
epithermal neutron beam of Tsing Hua Open-poolReactor. The used 
converters‘ size is 0.0125 x 15 x 20 cm3. The testedmaterials 
were: 23Na, 26Mg, 27Al, 55Mn,63Cu, 115In, 186W, and 197Au. 
The calculated results tell that 23Na, 26Mgand 27Al can perfectly 
reproduce the relative BNCR rate distributionwithin a difference of 
1% through the whole depth, while 55Mn and 63Cucan have the same 
effect after 1-cm depth. As to 15In, 186Wand 197Au, they were 
concluded to be not suitable for our objectivedue to their large 
resonance peaks near 0.5 eV. Therefore, INR can be used tovirtually 
determine the 2D BNCR distribution with properly selected 
convertermaterials. 
 
POS09-07. Significance of Employing a Boron-10-Carrier and 
Manipulating Intratumor Hypoxia in terms of Local Tumor 
Response and Lung Metastatic Potential in Boron Neutron 
Capture Therapy. Shin-ichiro Masunaga, Y. Sakurai, H. Tanaka, K. 
Ono, Res Reactor Inst, Kyoto Univ, Japan 
 
Purpose: To evaluate the effects of employing a 10B-carrier and 
manipulating intratumor hypoxia on local tumor response and lung 
metastatic potential in boron neutron capture therapy (BNCT), 
referring to the response of intratumor quiescent (Q) cells. Materials 
and Methods: B16-BL6 melanoma tumor-bearing C57BL/6 mice were 
continuously given 5-bromo-2‘-deoxyuridine (BrdU) to label all 
proliferating (P) cells. The tumors received reactor thermal neutron 
beam irradiation following the administration of a 10B-carrier (L-para-
boronophenylalanine-10B (BPA) or sodium mercaptoundecahydro-
dodecaborate-10B (BSH)) in combination with an acute hypoxia-
releasing agent (nicotinamide) or mild temperature hyperthermia 
(MTH). Immediately after the irradiation, cells from some tumors 
were isolated and incubated with a cytokinesis blocker. The responses 
of the Q and total (= P + Q) cell populations were assessed based on 
the frequency of micronuclei using immunofluorescence staining for 
BrdU. In other tumor-bearing mice, 17 days after irradiation, 
macroscopic lung metastases were enumerated. Results: BPA-BNCT 
increased the sensitivity of the total tumor cell population more than 
BSH-BNCT. However, the sensitivity of Q cells treated with BPA was 
lower than that of BSH-treated Q cells. With or without a 10B-carrier, 
MTH enhanced the sensitivity of the Q cell population. Without 
irradiation, nicotinamide treatment seemed to decrease the number of 
lung metastases. With irradiation, BPA-BNCT, especially in 
combination with nicotinamide treatment, showed some potential to 
reduce the number more than BSH-BNCT. As the dose increased, the 
number of macroscopic lung metastases decreased reflecting the 
decrease in the number of clonogenically viable tumor 
cells. Conclusion: BPA-BNCT rather than BSH-BNCT has some 
potential to decrease the number of lung metastases, and an acute 
hypoxia-releasing agent, nicotinamide may be promising for reducing 
numbers of lung metastases. Control of the chronic hypoxia-rich Q 
cell population and the acute hypoxia-rich total cell population in the 
primary solid tumor has the potential to impact the control of local 
tumors and lung metastases, respectively. 
 
POS09-08. Investigation of the neutron beam of an accelerator-
based BNCT facility by means of a Bonner sphere 
spectrometer. nafiseh mirzajani1, R. Ciolini1, A. Di Fulvio1, F. 
d'Errico2, J. Esposito 3, R. Bedogni 4, 1: University of Pisa,The faculty 
of Engineering, Department of Mechanical Engineering, Nuclear 
Production, Italy 2: The faculty of Engineering, Department of 
Mechanical Engineering, Nuclear Production 3: -LNL, Legnaro 
National Laboratories, Viale dell‘Università 2, I-35020, Legnaro 
(Padova), Italy 4: INFN-LNF, Frascati National Laboratory, Via E. 
Fermi 40, I-00044 Frascati (Roma), Italy 
 
one of the major problems raised by the BNCT technique is to obtain 
necessary information about neutron beam in term of intensity and 
energy spectrum. In this work the Bonner Sphere Spectrometer(BSS) 
is applied to determine the energy neutron fluence distribution 
produced by a 9Be(p, xn) reaction using a 5 MeV proton beam . This 
neutron sourse is developed with the SPES-BNCT project of the 
Legnaro National Laboratories (LNL) of the Italian National Institute 
of Nuclear Physics (INFN), where an accelerator-based, high-flux 
thermal neutron beam facility is being developed for the experimental 
treatment of extended skin melanoma. The spectrometer consists of a 
set of polyethylene spheres with a neutron sensitive 6LiI(Eu) 
scintillator. While other types of spectrometer are currently being used 
for measurements in the 100keV-5 MeV energy regions, the BSS will 
provide a good response also for low energy neutrons (below 100 
keV). Different angles of irradiation(0,40,80 and 120deg)were 
considered.  All measurements were performed under \'\'total\'\' 
(uncollided and collided) radiation conditions. An evaluation of rthe 
esponse matrix for the BSS was carried out by using the MCNPX 
code. The determination of neutron spectrum from the set sphere 
counts was done by FRUIT unfolding code and also different 
unfolding codes. 
 
POS09-09. Ionization effects of charged particles produced in 
BNCT field. Saeed Mohammadi, Payame Noor University, Iran 
 
The Ionization effects of charged particles produced in neutron 
interactions for Boron Neutron Capture Therapy are considered here 
using SRIM Monte Carlo Code. The estimated values of these effects 
in a Plexiglas acrylic phantom are shown to agree well with the 
available experimental values in high Boron concentration areas. As 
expected, the ionization effects from lithium and alpha particles are 
significant. In the low Boron areas, proton ionization makes an 
important contribution and its effect on healthy tissue should not be 
ignored.                                       
 
POS09-10. Physical Neutron Dosimetry for the University of 
Pavia Thermal Neutron Source for BNCT Radiobiological 
Research. David Nigg1, D. W. Nigg1, N. Protti2, S. Stella2, S. 
Bortolussi2, M. Prata2, S. Alteri3, D. W. Nigg4, 1: Idaho National 
Laboratory, USA 2: University of Pavia 3: Univeristy of Pavia 4: 
Idaho National Laboratory USA 
 
The Idaho National Laboratory and the University of Pavia are 
collaborating in the field of medical neutron dosimetry specific to 
Neutron Capture Therapy (NCT) applications.   This effort resides 
within a larger framework of computational and experimental 
dosimetric intercomparisons of several thermal neutron sources used 
for preclinical NCT radiobiology research worldwide.  Recognizing 
the importance of accurate and reproducible physical beam dosimetry 
as an essential tool for combination of preclinical and clinical results 
from different facilities, we have conducted an experimental 
characterization of the neutronic performance of the thermal neutron 
source at the University of Pavia TRIGATM research reactor 
facility.  The characterization methodology is based on neutron 
activation spectrometry coupled with rigorous least-squares-based 
spectral deconvolution procedures to produce the desired neutron flux, 
adjusted dosimetry reaction rates, and corresponding radiobiological 
dosimetric information. Results show that the Pavia neutron source is 
well thermalized, with a Cadmium Ratio of approximately 80 and a 
thermal flux of approximately 1 x 1010 n/cm2-s or greater, depending 
on the specific irradiation location.   The submitted poster will discuss 
further details of the application of advanced modeling and simulation 
approaches for computational dosimetry of neutron sources, the use of 
neutron activation spectrometry for experimental validation of 
research reactor based neutron source performance, and the specific 




POS09-11. Effect of elapsed time after injection of Boric Acid on 
10B absorption in different regions of adult male rat‘s brain: An 
alpha autoradiography study. Ali Pazirandeh1, S. Goodarzi2, B. 
Jameie3, N. Khojasteh Baghban2, 1: Science and Research Branch, 
Islamic Azad University, Iran 2: Nuclear Engineering Department, 
Science & Research Branch, Islamic Azad University, Tehran, Iran 3: 
Laboratory of Basic Science & Neuroscience, Basic Science Dept, 
Faculty of Allied Medicine, Cellular & Molecular Research Center, 
Tehran University of Medical Science (Pardis-e-Hemmat), Tehran, 
Iran 
 
Boron Neutron Capture Therapy is a modality for cancer treatment 
based on the thermal neutron capture by 10B in the tissue. Distribution 
of 10B in different parts of normal and affected brain is still unknown. 
In this study, we determined the distribution of boron in different 
regions of the adult rat normal brain. Adult Wistar male rats divided 
into two groups including control and trial. Trial group received 
intraperitoneal shots of 2ml of neutral boron compound. 2, 4 and 6 
hours after injection, the animals were sacrificed and the brains were 
removed. Coronal sections of 20µm thickness of forebrain, midbrain 
and hindbrain were prepared, sandwiched between two pieces of 
polycarbonates. The samples were irradiated in the thermal neutron 
field and then polycarbonate foils were etched. Alpha tracks on the 
polycarbonates were detected and studied. The plots of 10B 
distribution in three regions of brain were obtained, compared and 
analyzed statistically. Significant differences in 10B distribution in 
three regions were seen with the highest concentration in the forebrain 
at 4 hours after boron carrier injection. Awareness of 10B distribution 
in forebrain may help therapists use more effective treatment 
planning, including neutron flux level and the optimum neutron 
irradiation time after boron carrier injection. 
 
POS09-12. Characteristic estimation for BNCT irradiation fields – 
from the viewpoint of energy transfer to biological 
tissues. Yoshinori Sakurai, H. Tanaka, M. Suzuki, S. Masunaga, Y. 
Kinashi, N. Kondo, K. Ono, A. Maruhashi, Kyoto Univesity Research 
Reactor Institute, Japan 
 
In May 2010, the operation of Kyoto University Reactor (KUR) was 
restarted, which was suspended during four years for the change from 
the high-enriched uranium fuel to the low-enriched one. At the same 
time, boron neutron capture therapy (BNCT) using the Heavy Water 
Neutron Irradiation Facility (HWNIF) installed in KUR, was restarted. 
At this facility, thermal neutron irradiation is performed for superficial 
tumours, and epi-thermal neutron irradiation is done for deep-seated 
tumours, in the same manner as before. 
 In December 2009, the Cyclotron-Based Epi-thermal Neutron Source 
(C-BENS) for BNCT was completed in our institute. In the near 
future, BNCT will be started using C-BENS. C-BENS is specialized 
for epi-thermal neutron irradiation, and the characteristics for neutron 
energy spectrum is harder than that of KUR-HWNIF. 
 Thus, BNCT will be performed in our institute, using the neutron 
irradiation fields with the various beam characteristics. For the exact 
evaluation of BNCT therapeutic effects, the biological dose estimation 
consistent among the irradiation fields is important. A study on dose 
estimation from the viewpoints of energy transfer to biological tissue 
is reported. 
An analytical estimation was performed for the interactions occurred 
in biological tissue due to the neutron irradiation with incidental 
gamma rays, and for the charged particles generated due to the 
interactions. The estimation was done for four neutron irradiation 
fields such as three irradiation modes of thermal, mixed and epi-
thermal at KUR-HWNIF, and the C-BENS epi-thermal neutron field. 
The reaction cross-sections were derived from the nuclear data library 
―JENDL 3.3‖ for neutrons, and the data by Storm et al. for gamma 
rays. It was assumed that the biological tissue contained H (11.1% in 
terms of weight), C (12.7%), N (2.0%) and O (74.2%). 
It was confirmed that the scattering reaction of hydrogen was the main 
source of protons for the wider energy region in the epi-thermal 
neutron irradiation, from the energy spectra of the protons generated 
in the biological tissue under free-in-air irradiation. In the irradiation 
fields with the more incidental thermal neutrons, the number of 
protons originated from the (n,p) reactions of nitrogen exceeded the 
number of protons originated from the hydrogen reaction, nearly at 0.5 
MeV. 
 The number of high-energy protons originated from the hydrogen 
reaction in the C-BENS field, was larger than that in the epi-thermal 
neutron irradiation mode of KUR-HWNIF. For the protons originated 
from the (n,p) reactions of nitrogen and oxygen, the yields for the 
higher energy were larger. Furthermore, the protons originated from 
the (n,p) reaction of carbon, whose threshold energy is larger, were 
not a little generated. Also for the alpha particles originated from the 
(n,α) reactions of carbon, nitrogen and oxygen, the yields for the 
higher energy were larger. 
 For the charged particles generated due to the interactions of gamma 
ray and the biological tissue, it was confirmed that the electrons 
originated from the Compton scattering were the main component. As 
the main energy range of the gamma rays incident in the BNCT 
neutron irradiation fields is from a few MeV to almost 10 MeV, the 
electrons from a few keV to almost 10 MeV are generated. Especially, 
it was confirmed that most of the generated electrons were the 
electrons originated from the Compton scattering of oxygen. 
The more detailed estimation will be performed for the energy 
spectrum of the proton of below 1 MeV, whose contribution to the 
absorbed dose and biological effectiveness is thought to be larger. 
Also, the estimation for the high-energy protons which effect over 
some cells will be performed. Moreover, the characteristic comparison 
will be tried among the irradiation fields from the more micro 
viewpoints, using the data obtained from the in-vitro experiments, 
etc.. 
 
POS09-13. Experimental Boron Neutron Capture Therapy 
(BNCT) studies for the treatment of liver metastases . Amanda 
Schwint1, V. A Trivillin1, E. CC Pozzi1, N. Lucia Buitrago Montañez1, 
J. E Cardoso2, L. L Colombo2, S. Thorp1, A. Monti Hughes1, A. J 
Molinari1, M. A Garabalino1, E. M Heber1, M. Miller1, M. E Itoiz3, R. 
Aromando3, D. W Nigg4, J. Quintana1, 1: National Atomic Energy 
Commission, Argentina 2: Instituto Oncológico Angel H Roffo 3: 
Faculty of Dentistry, University of Buenos Aires 4: Idaho National 
Laboratory, USA 
 
BNCT was proposed for the treatment of multifocal, non-resectable, 
bilobar colorectal liver metastases that do not respond to 
chemotherapy. The aim of the present study was to systematically 
assess tumor control and potential toxicity of BNCT in an 
experimental model of liver metastases in BDIX rats inoculated in the 
liver with syngeneic colon cancer cells to produce subcapsular tumor 
nodules that simulate liver metastases but are more amenable to 
follow-up. BNCT studies were performed at the RA-3 thermal neutron 
facility with a lithium-6 enriched carbonate shield. Dosimetric 
calculations were based on BPA biodistribution studies. Tumor-
bearing animals were divided into 3 groups, i.e. BPA-BNCT: BNCT 
mediated by boronophenylalanine (BPA) at a dose of 46.5 
mg 10B/kg, Beam only: exposure to the same thermal neutron fluence 
range as the BPA-BNCT group and Sham: exposed to matched 
manipulation, but not irradiated. Total physical dose to tumor 
with BPA-BNCT was: (A) 9 ± 1 Gy, (B) 13 ± 3 Gy or (C) 17 ± 1 Gy. 
Normal liver received 6 to 10 Gy. Tumor nodule surface was 
measured pre-irradiation. At 3 weeks the animals were sacrificed for 
histological analysis and to evaluate tumor surface and weight. An 
additional set of animals was used to establish mean tumor nodule 
weight before irradiation. Clinical signs and body weight were 
monitored regularly. At 3 weeks post-irradiation, the tumor surface 
area post-treatment/pre-treatment ratio was 5 ± 3 for Sham, 3 ± 2 
for Beam only, 1.2 ± 1.0 for BPA-BNCT (A), 0.5 ± 0.2 for BPA-
BNCT (B), and 0.4 ± 0.1 for BPA-BNCT (C). Tumor nodule weight 
pre-treatment was 56 ± 39 mg. Three weeks post-irradiation tumor 
nodule weight rose to 346 ± 302 mg for Sham and to 140 ± 106 mg 
for Beam only but fell to 24 ± 24 mg for BPA-BNCT (A), to 19 ± 16 
for BPA-BNCT (B) and to 5 ± 2 for BPA-BNCT (C). For both end-
points, the differences between the BPA-BNCT groups and the Beam 
only and Sham groups were statistically significant (ANOVA). No 
ostensible clinical, macroscopic or histological signs of toxicity were 
observed in any of the groups, with exception of the BPA-BNCT 
(C) group that exhibited moderate skin and intestine 
toxicity. Conclusion: BPA-BNCT induced significant partial 
remission of experimental tumor nodules in the liver 3 weeks post-
irradiation, with no ostensible normal tissue toxicity up to a physical 
dose of 13 ± 3 Gy to tumor. 
 
POS09-14. Induction of DNA double strand breaks in CHO/K1 
and xrs-5 cells irradiated with mixed neutron and gamma-rays for 
BNCT. SENTARO TAKAHASHI1, K. Okumura2, Y. Kinashi2, K. 
Ono2, Y. Kubota3, R. Okayasu3, 1: Research Reactor Institute, Kyoto 
University, Japan 2: Research Reactor Institute of Kyoto University 3: 




In the boron neutron capture therapy (BNCT), normal as well as tumor 
cells are exposed to a mixed radiation field (thermal, epithermal and 
fast neutrons, and gamma-rays). However, little is known about the 
biological effects of such radiation exposures as used for BNCT. Here, 
the relative biological effectiveness (RBE), and the dose and dose rate 
effectiveness factor (DDREF) for the mixed irradiation used for 
BNCT in Kyoto University Research Reactor (KUR), were 
investigated. 
CHO/K1 and xrs-5 cells were irradiated at the KUR irradiation field 
for BNCT. The average physical dose rates of thermal (<0.5eV), 
epithermal (0.5eV-10keV), fast (>10keV) neutrons, and gamma-rays 
were 10.0, 1.1, 7.4, and 20.5 mGy/min, respectively, when the reactor 
was operated at 1MW. When operated at 5MW, the dose rates became 
approximately 5 times higher than those for 1 MW. As a reference 
radiation, Co-60 gamma-ray was used at the same dose rate as the 
mixed irradiation. The cells were assayed for conventional colony 
formation, and DNA double strand breaks (DSBs) were detected by 
immune-staining using gamma-H2AX and 53BP1 antibodies. 
The RBE for cell survival by colony formation were 3.2 and 1.3 for 
CHO/K1 and xrs-5 cells, respectively, when the cell were irradiated 
with the mixed radiation field at 1MW. The number of gamma-H2AX 
and 53BP1 foci 1hr post-irradiation were similar for the mixed 
radiation and the reference gamma-ray, but the size of foci seemed to 
be different, indicating neutrons may have induced a different type of 
DNA-DSBs. There was no significant difference in cell survival levels 
between the mixed irradiation conditions with 1 and 5 MW, 
suggesting no significant DDREF in this dose range. 
 
POS09-15. Overview of cyclotron-based epithermal neutron 
source for boron neutron capture therapy. Hiroki Tanaka, Kyoto 
University Research Reactor Institute, Japan 
 
[Purpose]At Kyoto University Research Reactor Institute, more than 
330 patients without no other treatment option have been treated by 
BNCT up to the present. The effectiveness of BNCT for treating not 
only malignant melanoma, and brain tumor but also recurrent head 
and neck tumor, mesothelioma, and liver cancer has been 
demonstrated. On the other hand, in order to realize BNCT as the 
approved medical treatment, we have been developed and installed 
new accelerator-based neutron source on December 2008. On March 
2009, the sufficient intensity of neutron flux for clinical trial was 
successfully obtained. In this presentation, we introduce overview of 
cyclotron-based epithermal neutron source(C-BENS). 
[Methods]C-BENS consists of a cyclotron accelerator producing 
protons with the energy of 30 MeV, beam transport system, moderator 
system, gamma-ray shielding, collimator and irradiation bed. The 
moderator system consists of two kinds of components. One is the 
moderator such as iron and lead for reducing the energy of high 
energy neutron emitted from Be(p,n) reaction. The other is filter such 
as aluminum and calcium fluoride penetrating the several tens keV 
neutrons. To evaluate beam characteristics, irradiation test using a 
water phantom was performed. A water phantom was set in front of 
collimator with the aperture size of 10 cm in diameter. To determine 
thermal neutron distribution in a water phantom, gold wire and gold 
wire covered with cadmium tube were used. After the irradiation, the 
activation of gold wire was measured by was measured by high purity 
Ge detector. 
[Results] The intensity of thermal neutron flux at the depth of 20 mm 
was 1.1x10^9 (neutrons/cm2/s). The dose distribution assumed brain 
tumor with ratio of boron concentration between tumor and normal 
brain of 3.5 was evaluated. RBE factors for nitrogen and hydrogen 
were 3.0 and 2.5, respectively. CBE factors for tumor and normal 
brain were 3.8 and 1.3, respectively. Irradiation time was 45 minutes 
with maximum dose for normal brain of 12 Gy-eq. C-BENS can treat 
tumor located up to 6 cm with equivalent dose of 30 Gy-eq. 
[Conclusion]The enough intensity for BNCT treatment using C-BENS 
was experimentally confirmed by water phantom measurements. C-
BENS can treat brain tumor within one hour. Now, preparation to start 
clinical trial is progressing. 
 
POS09-16. TE(TE) Ionization Chamber Simulations with Various 
Monte Carlo Codes in Gamma-ray fields. Shu-Wei Wu1, Y. Liu2, 
Y. Lin1, Y. Chen3, S. Nievaart4, S. Jiang5, 1: Department of 
Biomedical Engineering and Environmental Sciences, National Tsing 
Hua University, Taiwan 2: Nuclear Science and Technology 
Development Center, National Tsing Hua University 3: Department of 
Engineering and System Science, National Tsing Hua University 4: 
Institute for Energy, Joint Research Centre, European Commission, 
Petten, The Netherlands 5: Institute of Nuclear Engineering and 
Science, National Tsing Hua University, Taiwan 
 
For high energy radiotherapy (> 6 MeV), hardon therapy and boron 
neutron capture therapy, these modern radiotherapies encounter the 
same challenge that mixed field dosimetry must be considered, 
including neutrons, gamma rays and other particles. In mixed field 
dosimetry, the tissue equivalent ionization chamber, denoted as 
TE(TE), is commonly used to determine the total absorbed dose. The 
trustiness of the measured dose highly depends on the correctness of 
the chamber response functions to different incident radiations, which 
is fundamental to the mixed field dosimetry. Hence, this study aims to 
first investigate the TE(TE) chamber response function to photons 
with energies from 20 keV to 20 MeV with regards to the wide photon 
energy range which mixed fields commonly have. Normally, a 
chamber response is obtained by using standard sources such as 60Co 
and 137Cs. However, it is not practical for high energy machines due to 
the lack of suitable calibration beams. Thus, Monte Carlo (MC) 
method becomes important and necessary. Many MC codes have been 
developed for radiation transport calculation. It is accordingly our 
interest to study the response functions by using MC method and by 
different codes. 
MC codes EGSnrc, MCNP5, FLUKA, and Geant4 were used. To 
simplify the comparison, the chamber geometry was ideally modeled 
as a sphere with a 0.5 cm3 cavity size and a 5 mm shell thickness. The 
shell was made of A150 plastic and the cavity was filled with methane 
based TE gas. Photons travelled mono-directionally and mono-
energetically into the chamber. The energy deposition in the cavity 
was tallied and translated into physical dose for further comparison. 
MCNP5 was used as comparison basis. 
All the results reveal the same trend of the significant energy 
dependence of the TE(TE) chamber. Still, EGSnrc and FLUKA show 
lower responses than MCNP5 at the range between 0.02 – 0.1 MeV; 
then they turned to be higher until 15 MeV. The differences among 
MCNP5, EGSnrc and FLUKA were between -6.2 – 4.2%. Geant4 has 
large differences compared to MCNP5 than the other two codes, 
especially at 0.02 – 0.04 MeV (5 – 10%). This study has led to a need 
of further comparison and validation. It is not yet able to tell which 
MC code gives the best result, but it is known from here that one must 
be careful with the calculated results which might have an error of few 




POS10-01. Mortality Analysis in Chernobyl Clean-up Workers 
from Latvia. Jelena Reste1, N. Kurjane1, T. Zvagule1, M. Eglite1, J. 
Cirule1, N. Gabrusheva2, 1: Riga Stradins University Institute of 
Occupational Safety and Environmental Health, Latvia 2: Centre of 
Occupational and Radiological Medicine, Paula Stradins Clinical 
University Hospital, Latvia 
 
25 years have passed since Chernobyl nuclear power plant (CNPP) 
accident. About 6000 of Latvian males, mainly 20-40 years old, 
participated in accident clean-up works in 1986-1991 for 3 to 6 
months. After returning to Latvia they have been living in non-
contaminated area.  
The aim of our study was to assess mortality indicators by age and 
cause of death of CNPP clean-up workers from Latvia comparing with 
general Latvian male population. 
Materials and methods: Latvian State Register for persons exposed to 
ionizing radiation in Chernobyl and Latvian State Population Register 
data were used for calculations. Detailed mortality analysis for time 
period 1999-2009 was made. Standardized mortality ratio (SMR) and 
95% confidence intervals (CI) were estimated using indirect age 
adjustment. 
Results:  Totally 954 from 5906 CNPP clean-up workers have died 
from 1988 till 2010. Clean-up workers‘ mortality rate gradually 
increased from 0.2 per 1000 in 1988 to 18.6 per 1000 in 2009. In 2009 
in CNPP workers cardiovascular diseases as death cause occupied the 
first place (43.0% of all deaths), oncological diseases – the second 
(25.3%) and exogenous reasons – the third (12.7%). About the same 
order is in general Latvian male population. Total SMR in CNPP 
clean-up workers in time period 1999-2009 was very similar to 
Latvian male population (SMR 1.00, 95% CI (0.93-1.07)), but in age 
group 45-54 years it was higher than in control group (SMR 1.14, 
95% CI (1.03-1.27)), otherwise in age group 60-69 years it was lower 
(SMR 0.71, 95% CI (0.59-0.85)). Mortality due to oncological 
diseases in CNPP workers was slightly lower (SMR 0.91, 95% CI 
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(0.76-1.08)), but due to exogenous reasons higher - SMR 1.15, 95% 
CI (0.96-1.36). Total mortality due to cardiovascular diseases in 
CNPP workers was slightly lower (SMR 0.94, 95% CI (0.84-1.06)), 
especially in age group 55-69 years (SMR 0.79, 95% CI (0.66-0.94)), 
but it was insignificantly higher in age group 40-49 years (SMR 1.21, 
95% CI (0.95-1.51)) comparing with Latvian male population. 
Conclusions: Total mortality structure of CNPP clean-up workers in 
last five years reflects similarity with Latvian male indicators with 
slight tendency to higher mortality rates in age group 40-54 years that 
may be explained by early ageing. In age group after 55 years 
mortality rate is lower that is attributable to regular health observation. 
 
POS10-02. Searching Better Functional Form to Fit Dose-Risk 
Function. Yutaka Hamaoka, Keio University, Japan 
 
Poisson like functional form is assumed to fit ERR models. 
Examination of A-bomb survivor data indicates mean and variance of 
incident rate is far apart that cause over dispersion. We found the data 
has more zeros than Poisson process assumes that leads to application 
of Negative Binomial model. We found NBD fit better than Poisson 
model. 
 
POS10-03. The incidence of leukemia among atomic bomb 
survivors: 1950 – 2001. Wan-Ling Hsu1, D. L. Preston2, M. Soda1, K. 
Ozasa1, 1: Radiation Effects Research Foundation, Japan 2: Hirosoft 
International, Japan 
 
It is well know that radiation exposure has increased risk of leukemia 
incidence among atomic bomb survivors.  The purpose of this study is 
to investigate and update the leukemia incidence for the survivors. 
During the period 1950 to 2001, a total of 1,215 lympho-
hematopoietic malignancies were identified among the Life Span 
Study (LSS) cohort members in Hiroshima and Nagasaki, Japan. 
About 40% of these were leukemias and a similar proportion was 
identified as non-Hodgkin lymphoma.  This study applied Poisson 
regression methods to investigate the excess risks, as well as the 
shapes of radiation dose response curves, for total leukemia 
(excluding chronic lymphocytic leukemia and adult T-cell leukemia) 
and leukemia subtypes. The results indicate that there is a non-linear 
dose response relationship with total leukemias that varies markedly 
with time and age at exposure.  This non-linearity is largely driven by 
acute myeloid leukemia (AML).  Although the leukemia excess risks 
generally declined with attained age or time since exposure, there is 
evidence that the radiation-associated excess leukemia risk, especially 
for AML, has persisted throughout the follow-up period. 
 
POS10-04. Radiation risk of lung, liver, bone and connective 
tissue cancer incidence in Mayak PA workers. Elena Labutina, I. 
Kuznetsova, N. Koshurnikova, Southern Urals Biophysics Institute, 
Russian Federation 
 
Results of the first analysis of the lung, liver, bone and connective 
tissue cancer incidence experience of the Mayak PA workers are 
presented. For each of these cancer sites radiation risk estimates have 
been examined by histological type of tumor using individual organ 
dose from a dosimetry system, Doses 2008. The cohort contains 
22373 workers hired at the main plants between 1948–1982 followed 
up until 31.12.2004. By 31 December 2004 there were 458, 52 and 34 
Mayak workers first registered for lung, liver, bone and connective 
tissue cancers respectively. The excess relative risk (ERR) model has 
been used to estimate risks associated with external γ- and internal α-
incorporated Pu239 doses. 
Lung cancer risks were found to be significantly related to Pu239 doses, 
ERR/Gy=9.05 (95% CI: 5.98; 13.46) for males aged 60, with the 
dose-response best described by a linear model. The ERR/Gy 
decreased significantly with attained age (р=0.01). For 
adenocarcinoma cancer the ERR/Gy associated with Pu239 dose was 10 
times greater than for squamous cell carcinoma cancer: 30.42 (95% 
CI: 15.43; 66.59) versus 2.95 (95% CI: 0.32; 7.84). 
For liver cancer the dose-response for Pu239 doses was best described 
by a linear-quadratic model, ERR/Gy2=5.34 (95% CI: 2.32; 12.72) and 
ERR/Gy=-2.95 (95% CI:<0; 2.10). Among histologically verified 
cases the most common form of liver cancer was hepatocellular cancer 
(59% of all cases). The radiation risk model best supported for 
hepatocellular cancer had the same form as that for all liver cancers 
(ERR/Gy2=3.34 (95% CI: 0.60; 11.93) and ERR/Gy=-1.92 (95% CI: -
7.59; 4.44)). For other histological types of liver cancer 
(hemangiosarcoma and cholangiocarcinoma) the dose-response model 
was not studied because lack of variation in Pu dose. For 
hemangiosarcoma 7 out of 8 cases were diagnosed in workers who 
had accumulated high α-doses while for cholangiocarcinomas all 6 
cases were accounted for by workers who had accumulated a Pu dose 
of less than 0.5 Gy. 
For bone and connective tissue cancer the dose-response model was 
not studied because of the small number of cases. Among workers not 
monitored for Pu a significantly high risk was found RR=8.15 (95% 
CI: 2.10; 26.94) for workers employed in the most hazardous 
workplaces during the early years of operation of Mayak PA. 
Acknowledgements: Keith Binks and Michael Gillies. 
 
POS10-05. Effects of lifestyle on the mortality in Nagasaki A-
bomb survivors. Mariko Mine, K. YOKOTA, Y. SHIBATA, Atomic 
Bomb Disease Institute, Nagasaki University Graduate School of 
Biomedical Sciences, Japan 
 
We examined the effects of lifestyle on the mortality in Nagasaki A-
bomb survivors on the basis of the mail-survey results collected from 
35,035 Nagasaki A-bomb survivors in 2003.  Items in the 
questionnaire included distance of the exposed place from the 
hypocenter, smoking, drinking, exercise, health checkup and mental 
health conditions.  We dichotomized the distance from the hypocenter: 
less than 2 km, and 2 km or over.  Mental health conditions were 
assessed by 12-item version of General Health Questionnaire.  We 
excluded from the analysis 8,649 survivors who were aged less than 
65 years at the survey, 5,560 who were not directly exposed, and 11 
who dropped out leaving no information on the date of dropout during 
the period from 1 April 2003 to 31 March 2010.  Among 20,815 
remained, we further excluded 7,764 whose responses were 
incomplete.     In 13,051 survivors finally remained for the analysis, 
2,555 died from 1 April 2003 through 31 March 2010; 908 died from 
cancer, 680 from circulatory system diseases and 967 from other 
diseases.  We analyzed the effects of smoking, drinking, exercise, 
health checkup and mental health conditions on mortality separately 
using Cox proportional model after adjusting for sex, age and the 
dichotomized distance from the hypocenter.     In the comparison of 
survivors without and with exercise, the hazard of death from cancer 
in the former group was 1.35-fold of that in the latter group (95% 
confidence interval: 1.18-1.55), the hazard of death from circulatory 
system in the former group was 1.68-fold of that in the latter group 
(1.42-1.97), and the hazard of death from other causes in the former 
group was 1.69-fold of that in the latter group (1.48-
1.94).      Similarly, in the comparison of survivors without and with 
health checkup, the hazard of death from cancer in the former group 
was 1.25-fold of that in the latter group (1.01-1.53), the hazard of 
death from circulatory system in the former group was 1.60-fold of 
that in the latter group (1.30-1.96), and the hazard of death from other 
causes in the former group was 1.39-fold of that in the latter group 
(1.16-1.66).      Effects of drinking, smoking and mental health 
conditions showed a similar tendency, respectively.     More detailed 
survey is needed to confirm the present results. 
 
POS10-06. Effect modification by smoking status on radiation 
effect for stomach cancer mortality among atomic bomb 
survivors. Ritsu Sakata, Y. Shimizu, E. J. Grant, H. Sugiyama, M. 
Soda, A. Suyama, K. Ozasa, Radiation Effects Research Foundation, 
Japan 
 
[Background] Stomach cancer has been independently associated with 
both radiation as well as smoking in the Life Span Study (LSS) 
cohort. However, a joint analysis has not been performed. Ignoring the 
possibility of confounding and effect modification by smoking status 
could cause misleading inferences on the radiation risk on stomach 
cancer among A-bomb survivors. 
[Objectives] In this study, we assessed the risk of stomach cancer 
death associated with radiation exposure while adjusting for cigarette 
smoking status. We also examined possible effect modification by 
smoking status for the radiation risk on stomach cancer mortality. 
[Methods] The study involved 113,263 LSS cohort members with 
estimated radiation doses from the DS02 dosimetry system of whom, 
55,413 replied to a question about smoking status in any of four mail 
surveys (1965, 1969, 1978, and 1991). Follow-up continued through 
December 31, 2005. Smoking status and alcohol drinking status were 
treated as time-dependent variables. Excess relative risk (ERR) and 
Excess absolute rate (EAR) estimates were obtained using Poisson 
regression adjusted for city, age at the time of the bombing, attained 




[Results] During the follow-up period 3,915 stomach cancer death 
cases were confirmed. ERR per 1 Gy of stomach cancer mortality was 
higher for females (ERR/Gy=0.51, 95% CI 0.23 – 0.85) compared to 
males (ERR/Gy=0.07, 95% CI -0.08 – 0.27).  These ERRs did not 
change after adjusting for sex-specific cigarette smoking status. A 
sub-analysis tested whether the radiation risk estimates were modified 
by smoking status. ERR/Gy and EAR/10000person-years･Gy point 
estimates among males were higher among non-smokers compared to 
those among smokers, however model fits were not significantly 
improved by likelihood ratio tests. Estimates were unchanged for 
females. 
[Conclusions] Including smoking and drinking status into the 
background model showed no changes to the ERR of stomach cancer 
mortality for either male or female. However, including a term for 
effect modification by smoking status among male showed higher 
risks for non-smokers compared with current smokers. The small 
radiation ERR observed among men is likely influenced by the high 
smoking prevalence among men. 
 
POS10-07. Mechanistic model study of the radon-related lung 
cancer mortality among German male uranium miners, 1946-
2003. Teun van Dillen1, H. Bijwaard1, F. Dekkers1, L. Walsh2, M. 
Kreuzer2, B. Grosche2, 1: RIVM-National Institute for Public Health 
and the Environment, Netherlands 2: BfS-Federal Office for Radiation 
Protection, Germany 
 
Objective: The aim of this study is to quantify the influence of radon 
exposure on the lung cancer mortality risk. 
Introduction: In the former German Democratic Republic, the 
WISMUT Company conducted extensive uranium mining between 
1946 and 1990. Most of the employees had been exposed to uranium 
ore dust and radon and its progeny. It is well established that such 
exposures are associated with an increased risk of lung cancer. In a 
recent epidemiological study, the lung-cancer mortality in a large 
cohort of former WISMUT miners has been analyzed by descriptive 
models and the influence of radon exposure on lung cancer risks has 
been evaluated (Walsh et al., 2010). 
Materials and methods: We will present an alternative approach using 
a biologically-based two-stage carcinogenesis model quantifying the 
lung-cancer risk related to the exposure to radon. This mechanistic 
technique offers insight into radiobiological processes involved in 
carcinogenesis and allows for extrapolation to the low exposures that 
are important for present-day radiation protection purposes and the 
transfer of risk across populations. 
The model is applied to a cohort of 58,987 former, male WISMUT 
employees with known annual exposures. The cohort comprises 2 
million person years and 3,016 lung cancer deaths in the follow-up 
period 1946-2003. Cohort-wide information on smoking is limited and 
the calendar-year dependence of tobacco smoke exposure was 
therefore implicitly accounted for by a birth-cohort effect. 
Results: This is the largest uranium miner cohort analyzed by a 
mechanistic model to date and we will show preliminary results of the 
observed and expected lung-cancer mortality among WISMUT miners 
and present risk calculations associated with the exposure to radon. 
The results will be compared with the epidemiological risk assessment 
conducted by Walsh and coworkers. Finally, we will estimate the 
excess relative risk associated with the exposure to residential radon 
by extrapolation to low exposures. 
 
POS10-08. Knowledge of and attitude to nuclear power among 
residents around Tianwan Nuclear power plant in Jiangsu of 
China. Furu Wang, N. Yu, Y. Zhang, J. Wang, X. Cao, X. Fan, X. 
Xu, X. Zhou, JiangSu Provincial Center for Disease Prevention and 
Control, China 
 
Introduction: As a high quality clean energy, nuclear power plays an 
increasingly important role in the worldwide electricity production. In 
China, the country nuclear power generation accounts for only 1.5% 
in 2002 and is expected to 6% of the total generating capacity. The 
sitting or operating of a nuclear power plant often faces widespread 
public opposition. Experience of nuclear power development shows 
that in addition to technical and economic factors, the public 
acceptance and attitude to the nuclear power play an important role in 
the development of nuclear power, while the level of public awareness 
of nuclear power, which called familiarity is an important impact 
factor on public acceptance. Although western developed countries 
had conducted a series of nuclear risk perception research from the 
1990s, there still lacked systematic research on this area in China. The 
purpose of this paper is to report a study on the level of knowledge 
and attitude of nuclear power among Chinese residents around the 
Tianwan nuclear power plant within a radius of 30km in Jiangsu of 
China. 
Materials and Methods: The study adopted a descriptive, cross-
sectional design with self-administered questionnaires to assess the 
level of knowledge and attitude of nuclear power among Chinese 
residents. It was conducted though surveyed each participants 
respectively who lived around the Tianwan in Lianyungang of 
Jiangsu, a representative city of nuclear power plant in China, in 
December 2010.  
Results and discussion: A total of 1,616 eligible participants were 
recruited into our study and accepted epidemiological survey. Our 
investigation has shown that the level of knowledge of nuclear power 
was generally not high. Integrated the findings of radiation awareness 
and nuclear power knowledge, we can draw that the pubic 
understanding of radiation and nuclear power was obviously 
insufficient while this lack of understanding existed difference among 
different characteristics people. In summary, although nuclear energy 
is an economical, safe and clean energy source, the public concerns 
about its impact are widespread.  
 
POS10-09. Terrain shielding effects of Nagasaki atomic bombing 
on cancer mortality. Kenichi Yokota, M. Mine, Y. Shibata, Atomic 
Bomb Disease Institute, Nagasaki University Graduate School of 
Biomedical Sciences, Japan 
 
On 9 August 1945, the second atomic bomb was detonated at a height 
of 503 m above Nagasaki city.  Since Nagasaki city is hilly and there 
are two mountains of 366 m and 285 m in height southeast at 
approximately 2 km from the hypocenter, some people exposed to the 
atomic bomb over these and other mountains might be shielded.  The 
people exposed to the atomic bomb in the shielded areas should have 
received less radiation dose than those exposed at the same distance 
from the hypocenter in the unshielded areas, and hence the cancer 
mortality will probably be lower in the former than in the latter.     To 
examine the lastly stated hypothesis, we first classified the areas 
located 2-5 km from the hypocenter into 5 groups using GIS 
(Geographic Information System) visibility analysis, i.e., shielded and 
unshielded areas located at 2-3 km from the hypocenter (denoted by 
S2-3 and U2-3, respectively), and unshielded areas located at 3-4 km 
(U3-4) and 4-5 km (U4-5).  We then compared the cancer mortality 
among atomic bomb survivors exposed in the respective areas; the 
comparison was made on the basis of the Cox proportional hazard 
model after adjusting for sex, age at the bombing, and attained 
age.     Of 37,357 survivors who were exposed at the age of less 30 
years and were living in Nagasaki city on 1 January 1970, those 
exposed in areas of U2-3, S2-3, U3-4 and U4-5 were 1663, 2341, 
5062 and 3313, respectively.  From 1 January 1970 through 31 
December 2009, the number (percent) of cancer deaths observed 
among survivors exposed in areas of U2-3, S2-3, U3-4 and U4-5 were 
198 (11.9%), 202 (8.6%), 435 (8.6%) and 267 (8.1%), 
respectively.     The hazard of cancer mortality in S2-3 was 0.76-fold 
of that in U2-3 (95% confidence interval: 0.63-0.93), that is 24% 
reduction.  Similarly, the hazards of cancer mortality in U3-4 and U4-
5 were 0.75-fold (0.64-0.89) and 0.80-fold (0.67-0.97) of that in U2-3, 
respectively.  No significant difference was observed in hazards of 
cancer was observed among in S2-3, U3-4 and U4-5.     The present 
study demonstrates the terrain shielding effects and suggests that such 
effects are similar to those by remoteness from the hypocenter for the 
distance of 3 km or over. 
 
POS11 Molecular imaging in diagnosis and 
therapy 
 
POS11-01. 18F-EF5 uptake in preclinical tumor models is 
predictive for post-radiation response. Rehan Ali, S. Apte, M. 
Vilalta, G. Nelson, E. Graves, Stanford University, USA 
 
AIM: To investigate whether 18F-[2-(2-nitro-1-H-imidazol-1-yl)-N-
(2,2,3,3,3-pentafluoropropyl) acetamide] (EF5) , a hypoxia-selective 
Positron Emission Tomography (PET) tracer, can predict tumor 
response to irradiation. 
METHODS: A549 lung carcinoma cells were injected subcutaneously 
in the left and right shoulders of nude mice. When tumors reached 
8mm diameter, mice were injected intraperitoneally with 200uCi of 
18F-EF5, and imaged using PET/CT after 3 hours post-injection. 
Tumor EF5 uptake was quantified by decay-correcting data, 
converting units to percent injected-dose-per-gram (%ID/g), drawing 
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manual tumor boundaries, and computing mean tumor:muscle (T/M) 
ratios. Left-side tumors were irradiated with 20Gy (n=6) or 7.5Gy 
(n=8) the next day, using a Philips RT-250 irradiator. Right-side 
tumors were not treated (control). Tumor follow-up was done using 
calipers measurements. Differential equation based models of tumor 
growth and linear-quadratic (LQ) radiation damage were developed 
and fitted to the data. 
RESULTS: Irradiated tumors were stratified on the basis of intra-
tumoral 18F-EF5 uptake, and exhibited a decrease in tumor size which 
was dependent on EF5 levels. The dependence of response on initial 
tumor size was not significant. Non-irradiated tumors were 1.28x (+/- 
0.23) their pre-treatment sizes at 1 month post-treatment. In 
comparison, 20Gy-irradiated non-hypoxic (T/M < 2.5) and hypoxic 
(T/M > 2.5) tumors were 0.67x (+/- 0.17) and 1.09x (+/- 0.37) their 
pre-treatment sizes, and 7.5Gy-irradiated non-hypoxic and hypoxic 
tumors were 0.95x (+/- 0.29) and 1.35x (+/- 0.08) their pre-treatment 
sizes respectively. A follow-up 18F-EF5 PET scan taken 1 month 
post-treatment showed that the hypoxic regions in non-irradiated 
tumors became significantly brighter in the second scan (tumor %ID/g 
increased from 0.75 +/- 0.21 to 1.33 +/- 0.38), whereas treated tumors 
exhibited smaller increases in %ID/g (0.74 +/- 0.21 to 1.02 +/- 0.12). 
A model which incorporated an oxygen-dependence for the LQ 
parameters showed good agreement with the experimental growth 
curves. 
CONCLUSIONS: 18F-EF5 PET can predict radiation response in 
preclinical subcutaneous tumor models. Our imaging data and models 
allow us to infer additional biological features of, and optimize 
therapy for irradiated tumors. 
 
POS11-02. Molecular-Genetic and Epidemiologic Examination of 
Personnel Subjected to Occupational Irradiation.  Inna Korzeneva, 
A. Osipov, N. Veiko, T. Malinina, K. Afanasyev, G. Rubtsova, F. 
Amosenko, E. Skorodumova, V. Zhuravleva, G. Malysheva, I. 
Volkova, I. Makarova, Russian Federal Nuclear Center-All-Russia 
Scientific Research Institute of Experimental Physics (RFNC-
VNIIEF), Russian Federation  
 
It is given an evaluation of the genetic polymorphisms (Hp, Tf, Gc; 6-
PGD, EsD, ACP, PGM1, microsatellite loci CSF1PO, TPOX, TH01 
and F13АО1, detoxicating genes GSTT1, GSTM1 and GSTP1), 
individual radiosensitivity (by the criterion of ribosome gene 
fragments) and DNA-damage rate (Comet-assay) in two cohorts 
comprised by VNIIEF personnel subjected chronically to gamma-
neutron ionizing radiation and to β-radiation of Tritium in comparison 
with the effects in non-irradiated cohort. The evaluation of radiation 
type influence on radiosensitivity parameters (nucleotide sequence 
contents in the extracellular DNA, nuclease activity, and DNA anti-
body induction rates, all being apoptosis products) showed credible 
differences between the 3 cohorts in respect to the majority of the 
analyzed radiosensitivity parameters (11 from 13 studied 
ones). Evaluation of radiation type influence on DNA damage rate 
using the DNA Comet Assay revealed credible differences between all 
the three cohorts (P=0.0000) in regard to all the comet parameters, i.e. 
the DNA concentration percentage in the comet tail, comet tail 
momentum, and Olive momentum. Five (5) of the 14 analyzed 
radiosensitivity and DNA damage indicators demonstrated credible 
dependence on genotype; six (6) of the 18 analyzed gene loci 
influence credibly on the radiosensitivity and DNA damage rate. 
Epydemiological analysis showed: - three cohorts differ credibly in 
the rates of 14 disease groups from the 21 ones; - the genotype 
influence is credible in respect to the rates of 9 disease groups from 
the 21 analyzed ones; - the genotype influence is credible in respect to 
the nine (9) from the 18 analyzed gene loci. 
The analysis conducted allowed finding the genotypes and 
phenotypes, which are credibly different in terms of their 
radiosensitivity to the natural background, gamma-neutron and tritium 
radiation. The analysis allowed defining the genotypes and 
phenotypes, which differ credibly in terms of the association with 
specific disease risks in the natural, gamma-neutron and tritium 
radiation environments (the risk genotypes and protective genotypes). 
  
POS11-03. Tumor Hypoxia and Reoxygenation of Human Tumors 
Imaged by 18F-misonidazole (F-MISO) Positron Emission 
Tomography (PET). Yasumasa Nishimura, I. Tachibana, T. Shibata, 
S. Kanamori, K. Nakamatsu, R. Koike, T. Nishikawa, K. Ishikawa, M. 
Tamura, M. Hosono, Kinki University Faculty of Medicine, Japan 
 
Purpose: To visualize intratumoral hypoxic areas and its 
reoxygenation during fractionated radiation therapy (RT) in human 
tumors, PET/CT using 18F-misonidazole (F-MISO) was performed 
for patients with various cancers. 
Methods: Ten patients including four head and neck cancers, four 
gastrointestinal cancers, one non-small cell lung cancer, and one 
uterine body cancer were included.  The maximum tumor size ranged 
from 16 mm to 68 mm.  As a protocol, F-MISO PET/CT was 
performed twice before RT and during fractionated RT of 
approximately 20Gy/10 fractions.  PET scan was obtained 3 hours 
after injection of 3.7MBq of F-MISO.  F-MISO maximum 
standardized uptake values (SUVmax) of normal muscles (bilateral 
neck, back, and buttock muscles) was measured in ten patients.  For 
each study, F-MISO SUVmax values of both primary tumors and 
metastatic lymph nodes were measured.  In addition, the tumor-to-
muscle ratios (T/M) of F-MISO SUVmax were also calculated. 
Result: In total, 18 F-MISO PET/CT studies for 10 patients were 
performed.  Eight of the 10 patients underwent FMISO PET/CT twice, 
before RT and during fractionated RT.  Mean ± SD of SUVmax of the 
normal muscles was 1.25 ± 0.17.  Based on this data, accumulation of 
F-MISO above a value of the mean + 2 standard deviation (SD) 
(=>1.60 SUV) was regarded as indicating a hypoxic area.  Except for 
one patient with stage II nasopharyngeal cancer, F-MISO 
SUVmax values prior to RT were =>1.60 in the remaining nine 
patients.   In terms of reoxygenation, seven of the eight tumors, 
excluding one patient with postoperative recurrent uterine body 
cancer, showed a decrease in SUVmax and/or T/M ratio after 
approximately 20Gy of fractionated RT. 
Conclusions:   In our F-MISO PET/CT system, accumulation of F-
MISO of =>1.60 SUV was regarded as hypoxic areas.  Most human 
tumors (90%) in this small series had hypoxic areas before RT, 
although reoxygenation was observed for most tumors after 
approximately 20Gy of fractionated RT.  
 
POS11-04. Molecular Imaging of Radiation-Induced Abscopal 
Effects. Rao Papineni, Carestream Health Inc, USA 
 
A number of distinct radiation response biological events occur in 
vivo that fail to fit within the framework of the classical 
radiobiology.  These events are recently classified under bystander 
effects, abscopal effects, and cohort effects.  Here, we demonstrate the 
capabilities of multimodal non invasive molecular imaging in 
determining both radiation induced changes in the bone physiology at 
the irradiated region and abscopal effects of bones off-target 
simultaneously.  Athymic nude mice were subjected to 0, 5 Gy, and 
10 Gy X-ray irradiation focally over the entire right hind limb and 
subjected to  non-invasive near-infrared fluorescence (NIRF) 
imaging.  Molecular probes including NIR dye conjugated 
bisphosphonate were intravenously injected to determine the 
radiation-induces changes at the target and off-target sites.  We 
propose that such molecular imaging approaches utilizing different 
molecular probes can be used to determine the clinically relevant 
abscopic effects. Whereby, radiation treatment strategies with 
appropriate interventional measures can be designed and reduce 
morbidity.  Also, will discuss how such approaches can be employed 
in biodosimetry for radiation disasters or in radiation threat. 
 
POS11-05. Tumor-specific imaging with radiolabeled human anti-
transferrin receptor antibody in pancreatic cancer mouse 
model. Aya Sugyo1, A. B Tsuji1, H. Sudo1, C. Yoshida1, Y. Ukai2, G. 
Kurosawa2, Y. Kurosawa2, T. Saga1, 1: National Institute of 
Radiological Sciences, Japan 2: Fujita Health University, Japan 
 
Noninvasive imaging with the radiolabeled antibodies specific for 
various targets of immunotherapy would be useful for selecting 
appropriate patients for immunotherapy. Transferrin receptor (TfR) is 
a carrier protein of transferrin and necessary for the import of iron into 
the cell, and its expression is regulated in response to intracellular iron 
concentration. TfR has been reported to be overexpressed in many 
types of cancer including pancreatic cancer and is regarded as an 
important target of treatment. Recently, we isolated four human 
monoclonal antibody clones specific for TfR and demonstrated that 
one clone strongly suppressed tumor growth in the pancreatic cancer 
mouse model. In this study, we evaluated this antibody clone against 
TfR in vitro and in vivo to develop as a new noninvasive imaging 
probe. We radiolabeled the antibody with 125I by the chloramine-T 
method, and with 67Ga or 89Zr using deferoxamine. We conductedin 
vitro cell binding and competitive inhibition assays using a human 
pancreatic carcinoma cell line, MIAPaCa-2, which highly expressed 
TfR and a mouse fibroblast cell line A4, which highly expressed 
human HER2 but not human TfR. We inoculated MIAPaCa-2 and A4 
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cells subcutaneously into each side of hind limb and conducted 
positron emission tomography (PET) imaging from one to six days 
postinjection of the89Zr-labeled antibody. The cell binding assay 
showed that radiolabeled antibodies specifically bound to MIAPaCa-2 
cells, but not to A4 cells. The Bmax of 125I-, 67Ga- and 89Zr-labeled 
antibodies was 69, 86 and 64 %, respectively. The competitive 
inhibition assay showed that Kd of 125I- and 67Ga-labeled antibodies 
was 15 and 16 nM, respectively. Temporal PET imaging with the 89Zr 
-labeled antibody showed that the MIAPaca-2 tumor was readily 
visualized on day 1 postinjection and became clearer thereafter, and 
the uptake in the MIAPaca-2 tumor increased with time and reached 
24.8% of injected dose per gram on day 6, whereas that in the A4 
tumor was low and decreased with time (10.7% on day 1 to 8.7% on 
day 6). In conclusion, the radiolabeled anti-TfR antibody could be 
applicable for TfR-specific PET imaging and help in selecting 
appropriate patients for TfR-targeted treatments. 
 
POS11-06. Novel EPR imaging to visualize cycling hypoxia 
associated with a defect of vascular integrity in transplanted 
tumors. Hironobu Yasui1, O. Inanami1, S. Matsumoto2, J. B. 
Mitchell2, M. C. Krishna2, 1: Graduate School of Veterinary Medicine, 
Hokkaido University, Japan 2: Radiation Biology Branch, Center for 
Cancer Research, NCI/NIH, USA 
 
The Fluctuation of blood flow is one of tumor phenotype, which 
influences oxygen concentration and subsequently invokes lack of 
cancer treatment efficacy. Both to improve therapeutic planning 
effectively against solid tumor and to make precise prognosis in 
cancer treatment, noninvasive dynamic imaging of spatial and 
temporal pO2 profile density is needed. Here, we illustrate the use of 
pulsed electron paramagnetic resonance imaging (EPRI) as a novel 
imaging method to directly monitor fluctuating 
oxygenation i.e. cycling hypoxia in murine squamous cell carcinoma 
(SCCVII) and human colorectal carcinoma (HT29) tumors. A 
common resonator platform for both EPRI and magnetic resonance 
imaging (MRI) provided pO2 maps with anatomical guidance and 
microvessel density without positional movement. Oxygen images 
every 3 min in pO2 are dependent on tumor size and tumor type. The 
magnitude of fluctuations in pO2 in SCCVII tumors ranged between 2- 
to 18-fold, whereas the fluctuations in HT29 xenografts were of lower 
magnitude. Alternating breathing cycles with air or carbogen (95% 
O2 plus 5% CO2) distinguished higher and lower sensitivity regions, 
which responded to carbogen, corresponding to cycling hypoxia and 
chronic hypoxia, respectively. Immunohistochemical analysis for 
CD31 and αSMA revealed that cycling hypoxia correlated with 
pericyte density rather than vascular density in the tumor. In 
conclusion, this EPRI technique, combined with MRI, may offer a 





POS12-01. Acollinearity of Two Quantum Annihilation Radiation 
of Positrons: A Model Suited for the Monte Carlo Method. Till 
Böhlen1, A. Ferrari2, V. Patera3, 1: CERN/KI/SU, Switzerland 2: 
CERN 3: University Roma, Italy 
 
Electron-positron (e-p) pairs annihilate predominantly by emitting two 
511keV photons with opposite directions in the centre-of-mass frame 
(e+ + e− → 2γ). However, in the laboratory frame the two emitted 
annihilation photons are generally not exactly collinear. This slight 
angular deviation from 180° is due to the motion of the annihilating e-
p system. The excess of positrons slow down to thermal energies 
before they annihilate. The motion of the bound electrons is 
consequently dominating and can lead to deviations from collinearity 
up to several degrees. The two quantum positron annihilation is the 
underlying physical process which is made use of by positron 
emission tomography (PET) to obtain information about the location 
of positron emitters by assuming that the annihilation reaction occurs 
on the line of response between two detectors activated by the 
annihilation photons. The acollinearity of the annihilation photons in 
the laboratory frame is one of the factors intrinsic to the annihilation 
process which limits the spatial resolution theoretically achievable 
with the PET technique. This work proposes a model describing 
acollinearity of two quantum positron annihilation in a wide range of 
media which is suited for Monte Carlo calculations. It describes the 
annihilation at rest based on the independent particle approximation 
with shell-specific electron velocity distributions (Compton profiles) 
of unperturbed atoms and in the frame of a free Fermi gas for metals. 
Omitted e-p correlations which modify the annihilation site 
probability and the resulting annihilation momentum distribution are 
introduced empirically by the means of enhancement factors, similar 
to the ones discussed by Gupta and Siegel (1979) and Alatalo et 
al. (1995). Predicting the correct angular distribution of two photon 
annihilation radiation helps to simulate the spatial resolution of PET 
tomography more realistically. At the same time, it also describes the 
energy distribution of the annihilating photons, the so-called Doppler 
broadening. Comparisons of the predictions of the model with 
measurements of Doppler broadening are presented for different 
media. 
Gupta, R. P.; Siegel, R. W.; Journal of Physics F: Metal Physics 9 (12) 
(1979) 2353. 
Alatalo, M.;. Barbiellini, B.; Hakala, M.; Kauppinen, H., Korhonen, 
T.; Puska, M. J.; Saarinen, K.; Hautojärvi, P.; Nieminen, R. M.; 
Physical Review B 54(4) (1995) 2397. 
 
POS12-02. Compromise Optimum C-beam energy for 
Therapy. M. Anwar Chaudhri, Bio-Inorganic Chemistry,University of 
Erlangen-Nuernberg, 91058 Erlangen, Germany and The Pakistan 
Council of Scientific & Industrial Research, Laboratories-Complex- 
Lahore, Pakistan 
  
Introduction and Purpose: During therapy with carbon beams many 
neutrons are produced in the patients‗ tissues. These neutrons have the 
potential to induce new secondary cancers and cause other harmful 
effects. Therefore, if C-ion therapy has to be conducted, all possible 
ways to reduce the production of secondary neutrons have to be under 
taken. The only possible way to reduce these neutron doses is to adjust 
the C-ion energy in a way to have the required penetration with 
minimum amount of secondary neutron production. We have termed 
this as the ―Compromise Optimum energy‖. 
Materials and Methods: There is no reliable data on the production of 
secondary neutrons from patients under bombardment with C-ions, 
especially at the production site which is most relevant from the 
radiation- dose point of view. Measurements at some distance away 
from the source of neutron production are going to give erroneous 
results due to the absorption and scattering of the neutrons. Using the 
measured neutron fluences and energy distributions from different 
materials constituting tissue we have estimated the fluence and 
energies of these neutrons produced by C-ions of 100-400 MeV/u 
energies within patients. 
Results: Our results show that, for a physical treatment dose of 20 Gy 
in the Brag Peak, the total fluence of nerutrons produced in patients 
are 1.6 x 10 9 / cm 2, 7.3 x 10 8 / cm 2, 
2.5 x 10 8 / cm 2 and 4,1 x 10 7 / cm 2 respectively at carbon energies 
of 400, 300, 200 and 100 MeV / u. The doses to different organs due 
to these neutrons have also been estimated for the organs in the 
immediate neighborhood of the Bragg Peak, while for organs further 
away suggestions are made to compute the respective doses. Our 
graphical data would help the users of carbon- therapy to select their 
own ―Compromise Optimum energy‖ 
Conclusions: In our opinion the large number of secondary neutrons 
produced from patients during therapy with carbon ions, and their 
corresponding doses to various organs, indicate they could have real 
potential to cause new primary cancers and cause other harmful side-
effects in patients. However, we have provided graphical data which 
would help to minimise this effect and still make use of any advantage 
the carbon ions might have in therapy. 
 
POS12-03. Telomeric status and radioresistance in glioma: a 
predictive biomarker for steering patients to 
hadrontherapy. Sylvain FERRANDON1, M. Priscillia2, S. Paul3, B. 
Michael4, A. Gersende2, H. Ngoc-hanh5, R. Claire1, P. Delphine1, 1: 
Laboratory of Cellular and Molecular Radiobiology , France 2: 
Laboratory of Cellular and Molecular Radiobiology 3: 4: Nuclear 
Physics institute of Lyon 5: Laboratory of Cellular and Molecular 
Radiobiology, France 
 
Glioma is the most common adult brain tumor, accounting for 52% of 
primary tumors and 20% of all intracranial tumors. Given their 
aggressiveness and their resistance to treatment, the median survival 
after standard treatment is of 14 months. 
Conventional treatment protocols include ablative surgery (if possible) 
followed by radio-chemotherapy. New therapeutic strategies are 
needed to improve the poor prognosis and the high risk of relapse. 
Carbon Ion hadrontherapy is based on the use of carbon ions beam to 
treat solid tumors. It demonstrates an excellent ballistic (avoiding 
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damage to the healthy tissue surrounding the tumor) and relative 
biological effect (RBE) (comparatively to photon irradiation). In this 
way, the overall survival is significantly increased (by 9 months) 
when patients are treated by carbon irradiation instead of photon 
irradiation. It becomes necessary to identify predictive markers of 
radioresistance of gliomas for referring patients to this new type of 
radiation. 
Telomeric status - Size of telomere (ST) and hTERT expression level 
(hEL) - modulate the sensitivity to radiotherapy in vitro and in vivo in 
different tumor types and are prognosis markers of glioma. We 
propose to investigate whether the ST and the hEL would be good 
predictors of radioresistance.  
We modulated the telomere status in a cell line of intermediate 
radiosensitivity of glioblastoma (U373MG) by stable transfection with 
a plasmid encoding hTERT (catalytic subunit of telomerase) or a 
control plasmid. We obtained in a same genetic background, two 
stable cell lines with increasing ST and hEL (Telo 0 Telo + +). 
A positive correlation appears between 1) the size of telomeres and 
radioresistance (p <0.05) 2) hTERT level and radiosensitivity (p 
<0.005) when cells are irradiated with photons. These correlations 
disappear upon irradiation by carbon ions. We also find this 
correlation between telomere length and the 2Gy survival fraction 
(photon) on a panel of 10 glioblastoma cell lines (p = 0.049). Thus the 
telomere status determines response to photon irradiation but does not 
prejudge the answer to hadron by carbon ion. These results would 
support an in vitro evaluation of the ST and hEL on patient biopsy to 
guide patients to the hadron by carbon ion. 
 
POS12-04. Targeting the main causes of recurrence in Head and 
Neck Squamous Cell Carcinoma to overcome resistance to carbon 
ion radiation. ALPHONSE Gersende1, H. Maité2, B. Anthony3, B. 
Gerald3, M. Mira3, B. Michael4, F. Claudia5, A. Dominique6, R. 
Claire1, 1: Department of Cellular and Molecular Radiobiology EMR 
3738 Lyon-Sud Medical School, France; Hospices Civils de Lyon, 
Lyon, France , France 2: Department of Cellular and Molecular 
Radiobiology EMR 3738 Lyon-Sud Medical School, France; Synegie 
Lyon Cancer, Lyon France 3: Department of Cellular and Molecular 
Radiobiology EMR 3738 Lyon-Sud Medical School, France; 4: IPNL, 
Lyon France 5: GSI Darmstadt Germany 6: 1Department of Cellular 
and Molecular Radiobiology EMR 3738 Lyon-Sud Medical School, 
France; Hospices Civils de Lyon, Lyon, France 
 
It is now well established that hadrontherapy can offer some potential 
benefit over conventional radiotherapy. However recent clinical trials 
have shown that the local treatment of head and neck squamous cell 
carcinoma (HNSCC) is much less efficient than in other head and 
neck cancers (Mizoe et al., 2004) and leads to locoregional recurrence. 
In order to obtain more insight into this recurrence, we studied the 
mechanisms of cell death in a radioresistant HNSCC cell line 
(SQ20B). These cells underwent a transient G2/M arrest after 
exposure to photons which is more prolonged after carbon irradiation. 
Although SQ20B cells showed typical signs of mitotic catastrophe, a 
subpopulation of cells escaped this process and re-entered the cell 
cycle. 
Two hypotheses were proposed in order to explain this cell regrowth. 
Firstly, we have investigated whether or not cancer stem cells (CSC) 
could be involved in this recurrence. After cell sorting, it is confirmed 
that the SQ20B-CSC were demonstrated to be highly resistant to 
irradiation and displaying high Reactive Oxygen Species scavenging 
systems. Secondly, the study of the genomic instability in SQ20B 
surviving cells showed that both types of irradiation induced 
chromosomal rearrangements and that the nature of DNA damage 
(DD) greatly impacted them. 
In order to radiosensitize these surviving cells, two pharmacological 
strategies were investigated. SQ20B-CSC cells were first treated with 
UCN-01, an inhibitor of the G2/M arrest which resulted in their 
radiosensitization through the triggering of apoptosis instead of 
mitotic catastrophe. Another strategy focused on the depletion of the 
endogenous glutathione content in SQ20B-CSC and non-CSC before 
irradiation which led to the activation of the intrinsic apoptotic 
pathway. Moreover, this treatment potentiated the effects of radiation 
with an increasing number of scattered DD after photon exposure 
without any consecutive chromosomal changes (CC). By contrast, this 
treatment increases the complexity of DD and minimizes CC after 
heavy ion radiation. 
Taken together, our results demonstrated that adjuvant therapies 
targeting CSC or enabling the minimization of transmissible CC could 
optimize the local control of tumors after hadrontherapy. 
 
POS12-05. ANALYTICAL DESCRIPTION OF THE RADIAL 
DISTRIBUTION OF DELTA-RAY DOSE AND ITS EFFECT 
ON THE OUTCOME OF RADIOBIOLOGICAL 
PREDICTIONS IN AMORPHOUS TRACK STRUCTURE 
MODELS. Leszek Grzanka1, M. Korcyl2, P. Olko1, M. Waligorski3, 
1: Institute of Nuclear Physics PAN, Poland 2: Institute of Physics 3: 
The Maria-Skłodowska-Curie Centre of Oncology, Poland 
 
Purpose: The Cellular Track Structure (CTS), a radiobiological model 
of cellular survival, developed by Katz and co-workers, is an efficient 
tool for studying biological effects of heavy ion beams for various 
endpoints, such as cellular survival. The central part of this model – 
the radial dose distribution function (RDD) used in the original model 
of Katz features special scaling which permits certain analytical 
expressions to be used in calculating the cell inactivation cross-
section. We have investigated the possibility of extending this model 
by incorporating more accurate RDD formulations and studied the 
effects of such substitutions on model predictions. 
Materials and methods: A suitable software library was developed in 
which the Katz model was implemented. The implementation includes 
various analytical representations of the RDD (also with options to use 
different delta-electron range formulations). For radiobiological 
endpoint calculations a set of published survival curves for normal 
human cell fibroblasts irradiated in vitro by various heavy ion beams 
was applied. Results of calculations using the approximate 
formulation and those calculated analytically without it were 
compared via survival calculations at different levels, for various ions 
over their full range of energies. 
Results: Radial integration of the RDD should result in the appropriate 
value of Linear Energy Trasfer for the ion considered. We 
demonstrate which RDD formulations give such LET normalization. 
Moreover, for RDD distributions which do not follow the original 
scaling of Katz‘s model, we compared model predictions of survival 
curves calculated using the ―direct‖ and ―analytical‖ (i.e. model-
scaled) versions of these amorphous track structure models. The 
observed differences between these versions occurred mainly for low-
energy proton irradiations. 
Conclusions: Appropriate scaling of the radial-dose distribution 
function is an important factor when investigating the possibility of its 
use in the Katz CTS model. Preferable are RDD formulations which 
exhibit the scaling applied in Katz‘s model, which also correctly 
represent the measured distribution of delta-ray dose around the path 
of the ion and correct LET normalization. 
 
POS12-06. In vitro enhancement of TMZ-induced glioma cell 
killing by high-LET radiation. Ilaria Improta1, D. Bettega2, P. 
Calzolari2, L. Manti3, R. Marchesini2, F. Margaret Perozziello3, E. 
Pignoli4, P. Scampoli5, V. Scanziani2, G. Grossi6, 1: 1National 
Institute for Nuclear Physics, Naples Section, Italy, Italy 2: 
Department of Physics, University of Milan and National Institute for 
Nuclear Physics, Milan Section, Italy 3: Department of Physical 
Sciences, University of Naples Federico II and National Institute for 
Nuclear Physics, Naples Section, Italy 4: IRCCS Istituto Tumori di 
Milano , Via Venezian 1 20133 Milan, Italy 5: Department of 
Radiation Oncology and LHEP University of Bern Inselspital CH-
3010 Bern, Switzerland 6: Department of Physical Sciences, 
University of Naples Federico II, National Institute for Nuclear 
Physics, Naples Section and Centre for Radiation Protection and 
Health Physics, University of Naples Federico II, Italy 
 
The glioblastoma multiforme (GBM) is the most common primary 
brain tumour and the most aggressive among malignant gliomas, with 
less than 10% of patients surviving more than two years after 
diagnosis. It is associated with poor prognosis, it is frequently 
localized deeply in the gray matter, shows a high incidence among 
young people, and it is characterised by intrinsic and hypoxia-induced 
radioresistance. Hence, GBM is a cancer eligible for hadrontherapy. 
Promising results on radiosensibilizaton gliomas have been recently 
obtained using the chemotherapy drug temozolomide (TMZ), a 
clinically well tolerated alkilating agent in combination with 
conventional radiotherapy. Both in vitro and preclinical studies in 
primary and recurrent gliomas have shown either an additive or a 
synergic activity of TMZ resulting in improved patient survival. 
We exposed four human glioblastoma cell lines (LN229, T98G, 
U87MG and U373MG) to photons and high-LET carbon ions, in 
combination with, or in the absence of, TMZ aiming to investigate 
whether drug-induced cytotoxicity could be further enhanced by the 
expected gain in radiosensitivity resulting from the exposure to 
accelerated ion  beams. In vitro cell killing is measured by clonogenic 
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survival assay. Preliminary results seem to indicate that TMZ does 
increases ion-induced cell lethality. Further experiments are underway 
for measuring the RBE for cell inactivation in combination with TMZ 
as well as the mode of the observed effect (i.e. additive vs. synergic). 
 
POS12-07. TRACK STRUCTURE MODEL PREDICTIONS OF 
THE RBE- AND OER-LET DEPENDENCES IN HSF AND V79 
CELL CULTURES. Marta Korcy, L. Grzanka, M. P.R. Waligórski, 
P. Olko, Institute of Nuclear Physics Polish Academy of Sciences, 
Poland 
 
To study track structure effects in cells irradiated by heavy ions we 
have performed a model analysis of an extensive data set published by 
Tsuruoka et al. [1] of over 40 survival curves of normal human skin 
fibroblast (HSF) cells irradiated in vitro in aerobic conditions by 
energetic carbon, neon, silicon and iron ions. Additionally we have 
performed model analysis of the data set published by Furusawa et al. 
[2] concerning survival curves representing the survival of V79 cells 
irradiated in vitro by energetic helium, carbon and neon ions in both 
aerobic and hypoxic conditions. All considered cell cultures were 
irradiated in track-segment conditions. We have fitted four parameters 
of the cellular track structure theory (Katz model) [3] representing the 
survival endpoint in normal human skin fibroblasts and V79 cells 
irradiated in aerobic or hypoxic conditions. In particular, we modelled 
the dependence of Relative Biological Effectiveness (RBE) on ion 
type, LET and cell type. We show the compatibility of m-target 
formalism with the linear-quadratic approach in the calculated RBE-
dose dependences. The Katz-model predictions of the Oxygen 
Enhancement Ratio (OER) for V79 as a function of LET for different 
ion species are compared with experimental data published by 
Furusawa et al. [2]. We discuss all results in the context of applying 
Katz‘s track structure theory to a treatment planning system for carbon 
ion radiotherapy. 
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dependence for cell killing in Normal Human Skin 
Fibroblasts Radiat.Res. 163, 494-500 (2005). 
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Introduction: One possible application of laser driven accelerators 
may be radiotherapy of malignant tumors by high energy protons. In 
conventional proton irradiation the dose is delivered within 
milliseconds, while the laser-accelerated protons would be applied 
within nanoseconds. The actual debate is whether there is a difference 
in biological terms. The present experiments aimed at elucidating gene 
expression changes after continuous and pulsed irradiation with 20 
MeV protons in vitro and in vivo using real-Time PCR. 
Methods: A 3D human skin model (EpidermFTTM, MatTek, USA) was 
used to determine changes of mRNA expression of Gadd45a and Bcl-
2. A pulsed proton beam with up to 2 x 105 protons per pulse was 
prepared for irradiation at the ion microprobe SNAKE at the 14 MV 
Munich tandem accelerator. These irradiation experiments with 1 Gy 
of 20 MeV protons were performed either in continuous or pulsed 
irradiation mode. In a second experiment NMRI mice with a FaDu 
tumor were irradiated with 20 Gy of 20MeV protons either at pulsed 
or continuous irradiation mode. Blood samples were collected 1 hour 
after irradiation. The mRNA was extracted, cDNA was synthesized 
and real-time PCR was performed. Relative quantification analysis 
was done for IL6, Gadd45a and Bcl-2 using the comparative CP 
method 2-ΔΔCP. 
Results: The Bcl-2 gene was significant down-regulated after pulsed 
proton irradiation (ratio: 0.09) in the skin tissue, but remained 
unaffected after continuous irradiation (ratio: 1.65). In contrast 
Interleukin-6, one of the key mediators of the acute phase response to 
inflammation, was significantly up-regulated in white blood cells, 
irrespectively of the irradiation mode, while the other genes were not 
regulated. 
Conclusion: Previous studies showed slightly lower DNA damage 
after pulsed proton irradiation when analyzing more than one endpoint 
together. An explanation for this could be the anti-apoptotic function 
of Bcl-2 in DNA damage-induced apoptosis. 
 
POS12-09. Biological effectiveness of laser accelerated protons: in 
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The development of proton and ion acceleration by ultra-high 
intensity lasers for cancer therapy promises the realisation of compact 
and economic particle accelerators that can be integrated in already 
existing clinics. However, particle acceleration with high intensity 
lasers leads in comparison to the conventional used acceleration 
technique to ultra short beam pulses, generated with low pulse 
frequency, that apply a very high pulse dose. Prior to a clinical 
application the radiobiological consequences of laser accelerated and 
therewith ultra short pulsed particle beams have to be investigated. 
For this in vitro dose effect curves have been determined, which 
required a high power laser system with a stable and reproducible 
acceleration of protons, precise beam monitoring and the technical 
ability to apply a prescribed dose to a cell sample and to determine the 
absolute dose received by the cells. 
Systematic cell irradiations were performed at the 150 TW 
Ti:Sapphire laser system DRACO at HZDR that delivered laser pulses 
with an energy of 3.5 J, a pulse duration of 30 fs and a frequency of 
0.1 Hz. By focusing the laser on a 2 µm thin Ti foil, protons were 
accelerated from the target rear surface. The generated exponential 
energy spectrum was limited downwards to 6-20 MeV. An in-house 
developed integrated dosimetry and cell irradiation system was tested 
and calibrated, allowing precise dosimetry as well as the exact 
positioning of each cell sample. 
In the present experiment radiosensitive head and neck tumour cells 
(SKX) were irradiated in a dose range from 0.5-4 Gy with an average 
pulse dose of 80 mGy and a mean dose rate of 0.5 Gy/min. 
Investigated biological endpoints were the clonogenic cell survival 
and residual DNA-double strand breaks (DSB) 24 h post irradiation 
via γ-H2AX /p53BP1 assay. 
Reference irradiation was performed with continuous, conventional 
accelerated 7.2 MeV proton beams at the Tandem accelerator at 
HZDR with a dose rate of 1.1 Gy/min. 
The measured dose effect curves show no difference in biological 
effectiveness between laser accelerated ultra short pulsed and 
conventional continuous proton beams in clonogenic cell survival and 
residual DNA DSB. 
The work was supported by the German Ministry of Education and 
Research (BMBF), grant no. 03ZIK445.  
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Introduction: In recent years, treatments that allow accurate high 
dosage radiation therapy to the target while preserving healthy tissues, 
such as intensity modulated radiation therapy (IMRT), radiosurgery 
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procedures, and particle radiotherapy, including those using proton 
and carbon beams, have been performed. 
The capabilities of ionization chamber dosimeters and dose 
verification using film are too limited to allow accurate treatment with 
such a complex dose distribution. Therefore, a method to measures 3D 
dose distribution directly is required, which has led to the 
development of gel dosimeters with high radiation sensitivity in an 
attempt to establish a 3D dose distribution measurement method. One 
of the detectors used in this method is the polymer gel dosimeter, 
which is a chemical dosimeter in which gel increases its white 
turbidity and solidifies depending on the dosage as a result of radical 
polymerization of a monomer through atomic radiation. Ultimately, 
the 3D absorbed dose distribution can be estimated based on the 
T2 value distribution measured by MRI. 
In this study, dose dependence, dose rate dependence, energy 
dependence, PDD, and time-dependent changes for X-ray, electron, 
and proton beams were examined. 
Materials and methods: The polymer gel used in this experiment was 
BANG gel from MGS Research Inc. BANG gel uses gelatin as a 
gelling agent, methacrylic acid as a polymerization agent, ascorbic 
acid as a deoxygenating agent, and copper sulfate as a polymerization 
modifier. In addition, BANG gel does not use prepared gel, but is a 
do-it-yourself system dosimeter where the user prepares the gel by 
adding the deoxygenating agent and polymerization modifier to the 
gelling agent along with the polymerization agent. 
Results:  
The dose dependency of the polymer gel had a coefficient of 
determination of collinear approximation above 0.9884 throughout 
this experiment, and was very good in dose regions between 0.5 and 
15 Gy for all of X-ray, electron beam, and proton beam irradiation.   
The transverse relaxation ( R2) value for 122 MU/min tended to be 
higher than that for 254 MU/min in this experiment. However, the 
differences were ≤ 6.7%, with the R2 value for 256 MU/min being 
higher on some occasions. Thus, there appears to be no dose rate 
dependency based on the dose rate difference between 122 and 254 
MU/min. Using two types of beam (X-ray and electron beams), the 
R2 values were measured with varying energies of 4 MV, 10 MV, 4 
MeV, and 9 MeV. The maximum difference in R2 value depending on 
the energy was 10%, and in many cases was less than 5%; thus, the 
differences were very small. The PDD of X-rays measured using the 
polymer gel dosimeter matched the error within several percent with 
that measured using the ionization chamber dosimeter. The PDD 
values of proton beam obtained from the polymer gel dosimeter were 
lower in areas shallower than SOBP compared to those obtained with 
the semiconductor detector, and the value at the terminal of SOBP was 
slightly lower. The PDD for X-ray irradiation measured using the 
polymer gel dosimeter matched that measured by the ionization 
chamber dosimeter within an error of several percent. Thus, the 
polymer gel dosimeter can be used in actual dose distribution 
measurement, but reexamination is necessary for use with proton 
beam irradiation. The R2 value of the polymer gel increases over time. 
However, its linearity is maintained over time, and the R2 value of the 
vial that was not irradiated also increased. This experiment indicated 
that both the R2 value and the background increased in the polymer 
gel over time. Therefore, the measurements should be taken a 
specified time after irradiation when using the gel. 
In this experiment, X-ray irradiation at 15 Gy was performed by 
fractional irradiation with a dose of 7.5 Gy twice, and 15 Gy electron 
beam irradiation was performed by in two fractions of 10 Gy and 5 
Gy. The R2value was not disturbed even with fractional irradiation. 
These observations indicated that the dosages determined in the 
polymer gel dosimeter are accurately integrated in fractional 
irradiation performed over a short period of time. 
Conclusion: The polymer gel dosimeter does not have energy or dose 
rate dependency, and because of its structure also does not have 
direction dependency. These characteristics allow the polymer gel 
dosimeter to measure a complete 3D dose distribution, and we believe 
it will play a very useful role in dose verification in the future. 
However, the values obtained from the polymer gel dosimeter are 
affected by the time from irradiation to measurement, and the ratio of 
preparation to make the gel. Therefore, care must be taken to ensure 
its use under the same conditions at all times. The method of use is 
still under development, and therefore further studies of this type of 
dosimeter are necessary. 
  
POS12-11. Simulation of using pie mesons in cancer therapy with 
MCNPX and FLUKA codes and comparison with conventional 
radiotherapy. Ehsan Salimi1, M. Reza Samie2, M. Ghominejad2, 1: 
IPM(Institute for Research in Fundamental Sciences), Iran 2: semnan 
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Pion radiotherapy is a novel form of cancer treatment that has been 
extensively investigated for tumours of the brain and pelvic area A 
drawback of conventional radiation therapy (with photons) is the 
unwanted radiation which it delivers to the healthy tissue surrounding 
the tumour as it penetrates to where the cancer cells are located. In 
contrast, pion therapy concentrates the cell-killing power of the 
radiation more selectively in the tumour, while reducing the effects on 
nearby normal tissue. 
pions are the lightest of the mesons, having about one seventh the 
mass of protons or neutrons. Some are electrically neutral, while 
others carry a single positive or negative charge. Pions are not 
normally found in the free state in nature, they exist inside the nuclei 
of atoms, where they constitute the glue that holds the neutrons and 
protons together. But in some types of reactions, e.g. when a nucleus 
is struck by a proton having a certain energy, pions are ejected from 
the nucleus 
In this work, the radiation due to a 200MeV pions in a water phantom 
has been simulated by two monte carlo methods, FLUKA and 
MCNPX. The Isodose curves, Percentage Depth Dose and lateral dose 
profiles also has been plotted and compared with a 10MeV photon 
beam and Co-60. 
The results presented herein show the advantages of using pions in 
cancer therapy and the consistency between FLUKA and MCNPX 
simulation 
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Laser accelerated proton beams are considered for tumour therapy. In 
contrast to conventional proton therapy, proton pulses are generated 
depositing a large fraction of the total dose to a certain voxel of the 
tumour within about 1 ns. Thus we address the question whether a 
nanosecond pulsed proton irradiation has a different RBE compared to 
continuous irradiation. For that purpose tumour growth delay in mice 
after a single dose of about 20 Gy irradiation with 23 MeV protons in 
pulsed and continuous mode was investigated. Since laser accelerated 
proton beams are not yet reliable enough to perform such experiments 
the pulsed beam has to be produced by conventional accelerators. In 
order to deliver this high dose in a single 23 MeV proton pulse, the 
experiment has been conducted using a pulsed proton microbeam at 
SNAKE installed at the Munich Tandem accelerator. For comparison 
a similar irradiation is also done with a continuous defocused beam at 
SNAKE. 
In total 11 XF354 and 12 FaDu tumours were irradiated by continuous 
and pulsed mode. The mean irradiation dose was 17.9 Gy (SD: 0.2 
Gy) for continuous and 19.6 Gy (SD: 0.3 Gy) for pulsed irradiation. 
Except of one all irradiated XF354 tumours were locally controlled 
and does not admit of a conclusion about RBE. 
The continuous irradiated FaDu tumours showed a mean Growth 
delay of 34 ± 4 days and the pulsed irradiated 36 ± 4 days. Thus no 
significant difference between pulsed and continuous proton 
irradiation is observed. 
Based on this low energy proton microbeam we have the additional 
opportunity for a high precision scanning irradiation of small animals 
in vivo that opens a large variety of radiobiological applications.    
Supported by DFG Cluster of Excellence: Munich-Centre for 
Advanced Photonics.  
 
POS12-13. Lineal- energy based quantitative DNA damage 
evaluation in high energy proton beams irradiation. Koji Tsuboi1, 
Z. Hong1, T. Moritake 1, Y. Kase2, K. Anzai3, H. Sakurai1, T. Sakae1, 
1: Proton Medical Research Center, University of Tsukuba, Japan 2: 
Proton Therapy Division, Shizuoka Cancer Center Research Institute 
3: Physical-chemical Research Division, Nihon Pharmaceutical 
University. Japan 
 
[Purpose]: It is required to establish a system linking physical and 
biological outcomes for accurate evaluation of the biological effects of 
high energy proton beams (PB). This study was to clarify whether a 
system composed of the measurement of lineal energy (y* values) and 
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the measurements of DNA base damage and DNA double strand 
breaks (DDSB) was useful or not. In addition, the protective effects of 
a radical scavenger edaravone were evaluated using this system. 
[Materials and Methods]: Salmon sperm DNA (ssDNA) solution and 
MOLT4 cells were irradiated with 155 MeV PB or 200 keV x-rays. 
PB irradiation was performed at two different y* points, i.e., at plateau 
(P) and at Bragg peak (B). After each irradiation with or without 
edaravone, 8-OHdG yield was measured by high performance liquid 
chromatography. DDSB yield was evaluated by agarose gel 
electrophoresis. DDSB in nuclei of MOLT4 cells were visualized and 
quantitatively evaluated by immunohistochemical staining of gamma-
H2AX foci. [Results]: Production of 8-OHdG in ssDNA solution 
was significantly higher at plateau than at Bragg peak of proton 
beams. Agarose gel electrophoresis demonstrated that DDSB was 
significantly higher at Bragg peak than at plateau. Edaravone reduced 
the production of 8-OHdG after every irradiation. There were no 
remarkable differences in gamma-H2AX focus formation in MOLT4 
cells at plateau and at Bragg peak. However, edaravone significantly 
suppressed the appearance of gamma-H2AX foci at 
plateau.[Conclusions]: For the standardization of proton beam 
radiotherapy, the fusion of proton microdosimetry and biological 
outcomes is mandatory. This study demonstrated that a linkage of 
lineal energy (y*) measurement and DNA base-damage and DDSB 
yield could be a promising candidate for such an evaluation system. 
 
POS12-14. Pilot Study for Standardization of RBE 
Intercomparison of Hadron Therapy Beams in vitro. Akiko 
Uzawa1, B. Vischioni2, S. Koike1, R. Hirayama1, Y. Matsumoto1, C. 
Tsuruoka1, Y. Furusawa1, 1: NIRS, Japan 2: CNAO 
 
Cancer therapy with carbon ions at the HIMAC has started in 1994, 
more than 5,000 lesions have been treated by 2010, and fruitful results 
have been demonstrated. Following those results, few heavy-ion 
treatment facilities are working, some are under construction and 
many new facilities are planning all over the world now. To start 
treatments with HIMAC clinical experiences such as treatment 
planning, the beam quality at those new facilities must be very similar 
to the HIMAC in physics and biology. Biological results are easy to 
affected by the biological conditions, techniques or so on. We tried to 
establish a standard biological protocol for this purpose. 
Both C3H/He mice bead at NIRS (N) and Charles River Co. (C) were 
employed, and the crypt cell survival assay 3.5 days after the 
irradiation was performed with whole body single irradiation of 
carbon 290 MeV/u beam having 6 cm SOBP at HIMAC. Crypt 
survival data was taken from (N) and (C) mice, by both trained and 
fresh observers. 
The radio-sensitivity of the mice crypt was different by the breeders. 
The Dq values were similar between them (C and N), but the Do for 
(N) was higher than that for (C). Recognition level of the existing 
crypts at counting was different by the observers, but this technical 
difference was conquerable by simple training. Change in the 
recognition level with elapsed time could not found for an observer 
within 6 years. 
Use of mice supplied by worldwide breeder with good quality control 
may be required for intercomparison of RBE. Short training could 
unify technique of new observer. 
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Purpose: One possible application of laser driven accelerators (LDA) 
may be radiotherapy of malignant tumors by high energy protons. 
Tumor irradiation by LDA is expected to differ from conventional 
irradiation by a dose delivery rate that is increased by ~8 orders of 
magnitude (109 Gy/sec vs. 10 Gy/sec). To prepare its clinical use, we 
explored the relative biological effectiveness (RBE) of protons with 
nanosecond pulses in comparison with continuous proton irradiation 
in cell experiments and tissues. 
Methods: HeLa cells, AL cells and blood lymphocytes were used for 
cell experiments. A 3D human skin model (EpiDermFTTM) was 
obtained from MatTek, USA. A pulsed proton beam with up to 
105 protons per pulse was prepared for irradiation experiments using 
the ion microprobe SNAKE at the Munich tandem accelerator. 
Results: Table 1 presents the summary of our data. The RBE for 20 
MeV protons at both irradiation modes was calculated using the dose 
of the reference radiation 70 kV X rays that produced equal responses. 
Conclusion: The effectiveness of the pulsed and continuous proton 
irradiation modes did not differ significantly from one another in 
single experiments. However, analyzing more than one biological 
endpoint in a cell, a small but significant lower RBE has been 
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POS13 Interdisciplinary studies 
 
POS13-01. X-ray microbeam line for single cells 
irradiation.  Sebastian Bożek1, J. Bielecki2, A. Wiecheć2, E. Lipiec2, 
J. Lekki2, Z. Stachura2, W. M. Kwiatek2, 1: Institute of Nuclear 
Physics PAN, Jagiellonian University Medical College, Poland, 2: 
Institute of Nuclear Physics PAN, Poland 
  
Influence of the ionising radiation on living organisms is well known 
in the area of high doses [1]. In the area of low doses health 
consequences are still not-learned. According to the linear 
extrapolation model, ionising radiation could be harmful in all range 
of doses, and the probablity of negative health effects reveal a linear 
dependence on the dose. Other hypothesis, known as a radiation 
hormesis theory [2], propagates that the radiation is unharmful below 
a treshold dose, or even healthy in the area of small doses. However, 
influence of low doses of radiation cannot be determined through a 
"victim" examination, because possible negative consequences (i.e. 
cancer) are not unique, and moreover could also appear many years 
after the exposition. The only possibility to assess the risk (or benefit, 
according to the radiation hormesis theory) is to study the radiation 
effects at the cellular level, analysing the biological response of cells 
after irradiation one by one with an exact dose. This microdosimetry 
research could be realised with a use of a classic wide beam, however 
the accurate quantitative analysis are  possible only with the 
application of microbeam facilities. 
An x-ray microbeam facility has been arleady constructed at the 
Institute of Nuclear Physics PAN. One of the two experimental lines is 
dedicated for single live cells irradiations [3]. The facility is based on 
an open type x-ray tube with microfocusing. Radiation is emitted from 
a spot of about 3 micrometers in diameter into a 120 degrees cone 
beam. In the cells irradiation  experiment a Titanium anode with 4.5 
keV Kacharacteristic energy is applied. The cone beam is focused on 
the sample with the use of elliptical multilayer mirrors, which are 
optimized for 4.5 keV energy. Due to the Bragg reflection rule, the 
radiation reflected from the multilayer is monochromatic, which 
enable the exact dose calculations. 
Cells are seeded and irradiated on Petri dishes. The dishes have a 6 
mm hole in the central part of the bottom, where the dish material was 
replaced by a 1.5 um thick Mylar foil [4]. A  population of about 
105cells in 4 ul medium is seeded on the foil 16-18 hours before the 
experiments. 20 hours after irradiation, necrotic and apoptotic cells are 
being visualized under a fluorescent microscope. 
The poster presents the details of the facility construction and 
aligment, results of the research on different cell lines and results of 
the dose numerical simulations. 
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POS13-02. Three-dimentional simulations of nucleus 
architecture. Joanna Deperas-Standylo1, M. Ciesla2, E. Gudowska-
Nowak2, 1) Marian Smoluchowski Institute of Physics and Mark Kac 
Complex Systems Research Center, Jagellonian University, Kraków, 
Poland; 2) Laboratory of Information Technologies, Joint Institute for 
Nuclear Research, Dubna, Russia  
 
Many experimental studies suggest correlation between topological 
proximity of chromosomes located inside cell nucleus and frequency 
of interchromosomal translocations observed after ionizing radiation. 
Additionaly, relations between genomic regions, gene activity and 
relaxation of local chromatin structure are elaborated. 
In our study we modelled the chromosomal rearrangement in human 
lymphocyte nuclei by performing computer MC simulations. 
Based on information of radial distance between the nucleus center 
and mass center of a chromosome chromatin domains and 
chromosome territories with respect to DNA content of each 
chromosome are investigated. 
 
POS13-03. INTERACTIONS OF SELECTED PYRIDINIUM 
CATIONS WITH GLYCOSAMINOGLYCANS STUDIED BY 
THE PULSE RADIOLYSIS. Małgorzata Jakubowska, A. Sikora, A. 
Marcinek, J. Gębicki, Technical University of Lodz, Poland 
 
Vascular endothelium, a cellular layer lining the inner surface of 
blood vessels, is an important, metabolically active organ that 
regulates cardiovascular functions. Healthy endothelium is essential 
for proper functioning of the cardiovascular system, while endothelial 
dysfunction leads to various pathologies and diseases. 
It was recently shown that the selected pyridinium salts exhibit strong 
antithrombotic activity mediated by prostacyclin derived from 
vascular COX-2. The mechanism of action is not fully understood yet, 
but it is very likely that the interactions of these biologically active 
cations with endothelial cells is to some extend enhanced through their 
binding to endogenous glycosoaminoglycans (GAG) present 
commonly on cells surface. 
Because of negative charge of those linear polysaccharides such 
interactions with cationic species may be of biological importance. 
Here we present the results of the pulse radiolysis investigation. The 
reactivity of pyridinium cations with hydrated electrons in water 
solution in the presence and absence of GAG was measured. The rates 
of reactions were slower in the presence of glycosaminoglycans and 
depended on the kind of pyridinium cations. 
 
POS13-04. On radio-physiology: Immediate radiogenic reactions 
(IRR) of excitable tissue in context of radiation medicine. Michael 
Ch. Michailov1, E. Neu1, U. Welscher1, D. Martin1, J. Foltinova2, W. 
Seidenbusch3, 1: Inst. Umweltmedizin c/o ICSD/IAS e.V. Postf. 
340316, 80100 Muenchen, Germany (Int. Council Sci. Develop./Int. 
Acad. Sci. Berlin-Muenchen-Paris-Sofia-Vienna) & Univ. Erl.-
Nuernberg, Bot. Garden, Germany & Univ. Innsbruck, Inst. 
Exp.Physics, Austria, Germany 2: Inst. Histol., Med. Fac., Univ. 
Bratislava, Slovakia 3: Inst. Exp.Phys., Univ.Innsbruck, Austria 
 
Introduction: About 50 years essential observations on IRR of 
excitable tissue are reflected after theirdiscoveries on low animal 
(reflex like) nerves/muscles by O Hug, R Conrad, D Kimeldorf, HJ 
Schliep, etc [1-2]. Method: Gamma (Co60 Cs137 Ra226 Y90), X Rays (50 
& 300 kV) [1-4]. Results (recent/earlier): A. Patients: Integrative 
radiooncological (chemo-thermo-) & psychosomatic therapy (phyto-
pharm. respiratory sport music) is recommendable incl. for functional 
disturbances, eg radiocystitis (after 70 Gy n=102): Immediate positive 
cardiovascular & psychic items changes are evident (n=81). B. 
Animals:Participation of muscarinic/nicotinic cholinergic 5-HT1-
7 VP1A neural VP1B receptors on action mechanisms of vesical 
IRContraction, chrono- inotropic effects (1-50 Gy n=67) in vivo (on 
normal & spinal rat, guinea pig/GP), also of vasopressin nicotine 
pressor potentiation, 5-HT depressor inversion, ACH biphasic reaction 
after radioprotector MEG (rat blood pressure n=80) needs 
clarification. C. Organ Preparations: 5-100 cGy induce IRC in human 
detrusor v ovarica rabbit v cava, but human a epigastrica, GP aorta/vas 
def react to 100-1000 Gy! LiCl CaCl2 PG F2α noradrenaline fentanyl 
have radiosensitizing, aspirin indomethacine theophylline cAMP incl. 
radiolytic products, also EDRF inhibitory effects (rat aorta 50 Gy 
n=218). Cataract mutant organs (rats 1.5 Gy n=27) have changed 
hormonal reactivity. Role of ionic incl. stretch channels is unclear [1-
2]. D. Cell Organelles: Catabolic processes: NAD/NADH 
dehydrogenase inhibition (rat liver mitochondria 50 Gy), anabolic 
proc.: increase of NADP+ photoreduction, O2 evolution (spinach 
chloroplasts illumination). Conclusion: Clarification of cellular 
electro-/molecularphysiological mechanisms of IRR (A-D) incl 
extremely variable radiosensitivity could open new dimension for incl 
intraoperative radio-therapy, ecology, genetics. Ref Michailov, Neu, 
Welscher et al [1] Proc ICRR 2007 S. Francisco p 76; 2003 Brisbane 
222&276; 1999 Dublin 234; 1995 Würzburg 264&400; 1991 Toronto 
264;1987 Edinburgh E30-9V; 1983 Amsterdam D7-13; 1979 Tokyo 
129; 1974 Seattle 42; 1970 Evian No 564 [2] Strahlenther 165: 
860/1989 [a] L Schachinger 159: 59/1983 [b] HJ Kümper 149: 
602/1975 [c] O Hug:106:155/1958 [3] Int J Psychol 43: 615/2008 [4] 
J Internal Med 40: 145/2010 
 
POS13-05. Radiation research in context of health and ecological 
policy: UNO agenda 21. Eva Neu1, M. Ch. Michailov1, U. Welscher1, 
G. Venkatesh Iyengar2, R. Stainov3, J. Milbradt4, J. Stiglmayr4, V. 
Foltin5, M. Holler6, M. Schratz7, G. Weber8, 1: Inst. Umweltmedizin 
c/o ICSD/IAS e.V. Postf. 340316, 80100 Muenchen, Germany (Int. 
Council Sci. Develop./Int. Acad. Sci. Berlin-Muenchen-Paris-Sofia-
Vienna) & Univ. Erl.-Nuernberg, Bot. Garden, Germany & Univ. 
Innsbruck, Inst. Exp.Physics, Austria, Germany 2: Dept. Nuclear Sci., 
IAEA, New York/Vienna, USA/Austria 3: Univ. Fulda & Boston 
Univ. & New Univ. Sofia, Germany/USA/Bulgaria 4: Botanical 
Garden, Univ. Erl.-Nuernberg, Germany 5: Fac. Mechanical 
Engineering, Technol. Univ., Bratislava, Slovakia 6: Fac. Economics 
(Dean), Univ. Hamburg, Germany 7: Fac. Education (Dean), Univ. 
Innsbruck, Austria 8: Fac. Psychology (Dean), Univ. Luxembourg & 
Vienna, Austria 
 
Introduction: Counteraction of enormous health & ecological 
problems incl. atomic disaster in Chernobyl/Fukushima needs new 
scientific-organizational models. Methods: Contributions analysis of 
intern. congr. (physiology etc) demonstrates large discrepancies 
between countries [J Physiol Sci IUPS 2009 Kyoto 59/1: 247-8.]. 
Evaluation of ICRR 2011 Warszawa (lectures+Eye Op+Comm 
members n=107=100% (+13 Poland) / 2007 S Francisco oral 
pres, n=223 / 2003 Brisbane n=943 are given in 
%. Results: Africa/Near East 0/0/0%, America North 28/57.4/33.6 
(USA 27/53/29), South 0/0/0, Asia 14/8.9/- (China 2/1/2, India 
3/1/2), Australia 0.9/3.1/13.3, Europe East 5.6/0.9/3.1 (Russia 
1/0/1), West 50.5/29.6/19.4 (France 9/7/2, FRG 13/5/5, UK 
9/8/9).Extremely domination of West Europe/USA (50-80%) is 
evident: Whole sub-continents are not presented. Conception for 
IARR discussion: 1. Enlargement IARR Council (triumvirate 
principle) a. Hon. Pres. 1-3 permanent, b. Presidents 2-3 fixed 
term, c. interdisciplinary members - philosophy/FISP law 
physics/IUPAP-IAEA chemistry/IUPAC medicine/CIOMS-ISR 
ecology/IUBS etc, d.commission on future IARR incl 
1c, e. election of permanent (seniors: continuity), fixed 
term (flexibility) members to boards. 2. Common ICRR sessions with 
other soc. - see 1c. 3. Edition of proper international 
radiation journal similar to IUPsyS/Int J Psychol, SIU/J Urol. 4. ICSD 
project Intern. Inst. for Radiation Science (IIRS) via network of 
selected nat. sci. units could support better intern. nuclear control & 
long time rad. projects: Common personnel, educ.-research 
programmes, possible whole life work, etc (see Michailov & 
Welscher et al this congr). Conclusion: Realization of proposals 1-4 
could increase scientific-political IARR authority, leading to new 
dimension in radiation science renewal, supporting UNO-
Agenda21for better health, education, ecology, economy in all 
countries. IARR & British, French, German, Polish rad. soc. could 
have leading role. Dedicated to moral-sci. support: Profs H Müller-
Mohnssen, U Ehling, W Felix, M Reiter, JH Schröder/GSF Munich, 
also Hon. ICSD-members: E Busek, U & K Graf Goess-
Enzenberg/Austria, B Josephson*/UK, YT Lee*/China, JM 
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Lehn*/France, B Lown*/USA, Fürst HA v Liechtenstein, C 
Rubbia*/Italy, Bishop D Tutu*/S.-Africa (* Nobel Laureate). 
 
POS13-06. Potential for Surge Capacity in Response to a 
Radiological or Nuclear Incident: Observations from the 
Radiation Injury Treatment Network. Joel Ross1, N. Chao1, C. 
Case Jr.2, D. Weinstock3, J. Chute1, D. Weisdorf4, R. Krawisz5, J. 
Wilhauk6, D. Confer2, 1: Duke University, USA 2: National Marrow 
Donor Program 3: Dana-Farber Cancer Institute 4: University of 
Minnesota Cancer Center 5: American Society for Blood and Marrow 
Transplantation 6: University of Kansas Hospital, USA 
 
The Radiation Injury Treatment Network® (RITN) is a cooperative 
effort of the National Marrow Donor Program (NMDP) and The 
American Society for Blood and Marrow Transplantation (ASBMT). 
The goals of RITN are to educate hematologists, oncologists, and stem 
cell transplant practitioners about their potential involvement in the 
response to a radiation event and provide relevant treatment expertise 
in the aftermath of non-therapeutic radiation exposures. Following a 
radiological or nuclear incident, RITN centers may be asked to accept 
patient transfers to their institutions and provide guidance to 
practitioners caring for victims at other centers.  RITN member 
centers periodically submit capabilities reports indicating immediate 
resource availability (24-48 hours)..  Results from a recent survey of 
39 centers include the following data on surge capacity.  On the day of 
an event 100% of centers could only receive 1-10 patients within their 
BMT units without changes to their normal procedures.  Assuming the 
maximum utilization of all available facilities, including transfer to 
affiliated centers, and major alterations of standards of care number of 
patients that could be received were:  






Given the estimates that an improvised nuclear device detonation 
would lead to casualties in the hundreds of thousands, it is clear that 
planning and preparation for additional surge capacity for radiological 
and nuclear events is necessary including a better exploration of what 
major alterations of standard of care could yield in increasing patient 
care capacity.  An optimal medical responses to an improvised nuclear 
device detonation may only be achieved by a coordinated international 
response effort. 
 
POS13-07. Fully automated interpretation of ionizing radiation-
induced gH2AX foci by the pattern-recognition system 
AKLIDES®. Roswitha Runge1, R. Hiemann2, M. Wendisch1, U. 
Kasten-Pisula3, K. Storch4, C. Fritz5, G. Wunderlich1, J. Kotzerke1, 1: 
Carl Gustav Carus Medical School, University of Technology 
Dresden, Germany 2: Lausitz University of Applied Sciences 3: 
University Medical Center Hamburg-Eppendorf 4: OncoRay-Center 
for Radiation Research in Oncology, University of Technology 
Dresden 5: Medipan GmbH, Dahlewitz, Germany 
 
Purpose: The application of ionizing radiation requires the 
quantification of induced DNA damage. Assessment of 
phosphorylated histone H2AX (gH2AX) foci as a measure for double-
strand breaks (DSBs) is a common technique.  However, visual 
assessment of gH2AX foci is time consuming and influenced by 
subjective factors. Here, we compared automated and visual reading 
of gH2AX foci to identify the interobserver variability and the need 
for standardization of gH2AX foci assessment. 
Materials and methods: DSB formation was assessed by detection of 
gH2AX foci after exposition of thyreocytes (PC Cl3) to 0 -
 5.0 Gy 188Re. Immediately after irradiation cells were washed and 
fixed for immunostaining. We used the pattern recognition algorithms 
of the interpretation system AKLIDES® for automated evaluation of 
gH2AX foci. Manual investigation was performed by three 
laboratories involving five observers. 
Results: Both manual and automated quantification resulted in 
increasing focus numbers depending on dose. Comparison of 
automated reading with visual assessment for five manual observers 
resulted in a determination coefficient of R2 = 0.889. When comparing 
automated reading with visual assessment results obtained by three 
observers from one laboratory a higher determination coefficient was 
found (R2 = 0.931). The interobserver variability determined by 
interquartile ranges and relative deviation for five manual 
investigators of three laboratories was 38.4 %. 
Conclusions: The study confirmed the adaptation of the pattern 
recognition algorithms of autoantibodies to automated assessment of 
gH2AX foci in irradiated cells. We found a close correlation 
comparing results obtained by automated reading using the 
interpretation system AKLIDES® and visually observed results. High 
inter-laboratory variability found for manual investigations revealed 
the usefulness for a standardized technique for evaluation of gH2AX 
foci. 
 
POS13-08. Preparation of Calibration Sources for the 
Measurement of Alpha and Beta Self-absorption Correction 
Factors for Water Sample Measurements. Chowunchun Prapunsri 
VALENTIN1, J. Kratky2, A. Brandl3, 1: Nuclear Engineering 
Seibersdorf GmbH, Austria 2: Austrian University of Technology, 
Vienna, Austria 3: Environmental and Radiological Health Sciences, 
Austria 
 
Measurement of the radioactivity in water samples is concerned with 
the total dissolved solids (TDS) in water. Dissolved solids in water 
samples include soluble salts that yield ions such as sodium (Na+), 
carbonate (C03-), calcium (Ca2+), sulfate (SO4
2-) and chloride (Cl-). 
They are found by evaporating the water samples and then finding the 
mass of the dry residue. The objective of this study is to investigate 
the proper salt and an appropriate preparation method to produce 
calibration sources for low level Alpha/Beta counting in water sample 
measurement. First, the individual behavior of four different kinds of 
salts - KCl, Na2SO4, CaCl2 and CaCO3 – was investigated by applying 
three preparation methods: boiling with diluted nitric acid, boiling 
without adding diluted nitric acid and evaporating/drying under an IR 
lamp.  After having obtained the proper salt and preparation method, 
Na2SO4 and CaCO3 were chosen to further investigate the self-
absorption factor in the residue. In a second step, Na2SO4, CaC03 and 
Na2SO4: CaC03; 1:1 in various masses ranging from 5- 200 mg for 
Alpha- and 5-500 mg for Beta measurements were spiked with the 
radionuclides241Am and 60Co and then dried by an IR lamp. To obtain 
sufficient counting statistics, the efficiencies of a low level Alpha/Bata 
counter (Protean MPC 9604) were determined by measuring these 
prepared sources for 10000 counts each. The self-absorption factor 
was calculated directly from the efficiency. Visual inspection of the 
residues showed that both, Na2SO4 and the mixed salt 
(Na2SO4: CaC03; 1:1), presented inhomogeneous surfaces. 
CaC03 appears to be the most reliable source for both radionuclides, 
with a regressive coefficient for curve fits above 0,999. It can be 
concluded that the evaporation method is reliable, simple, and 
reproducible in the production of calibration sources. Due to the 
homogeneity of the CaC03 residue, it can be considered a 
representative salt in a self-absorption study. The Alpha/Beta 
efficiency-curves from this study served as self-absorption corrector 
factors in water sample measurements. 
 
POS13-09. On global approaches to radiation research and 
education. Ursula Welscher1, M. Ch. Michailov1, E. Neu1, B. 
Lichterman2, P. N. Srivastava3, M. Simko4, R. K. Stappen4, D. G. 
Weiss4, G. Weber5, M. Holler6, M. Schratz7, 1: Inst. Umweltmedizin 
c/o ICSD/IAS e.V. Postf. 340316, 80100 Muenchen, Germany (Int. 
Council Sci. Develop./Int. Acad. Sci. Berlin-Muenchen-Paris-Sofia-
Vienna) & Univ. Erl.-Nuernberg, Bot. Garden, Germany & Univ. 
Innsbruck, Inst. Exp.Physics, Austria, Germany 2: Russian Postgrad. 
Med. Acad., Moscow, Russia 3: Indian Natl. Acad. Sci. (member, 
former minister), New Delhi, India 4: Inst. Zellbiol., Univ. Rostock, 
Germany 5: Fac. Psychology (Dean), Univ. Luxembourg & Vienna, 
Austria 6: Fac. Economics (Dean), Univ. Hamburg, Germany 7: Fac. 
Education (Dean), Univ. Innsbruck, Austria 
 
Introduction: Globalization needs new models for international-
interdisciplinary cooperation, eg foundation of first international 
institute for radiation science (IIRS) via network of national selected 
ones.IARR/IAEA in context of integrative general & special rad. sci., 
eg rad. physics, chemistry, medicine, etc. are necessary. 
[ref.]. Conception for IIRS discussion: 1. Commissions for IIRS to 
IARR-IAEA + organizations of rad. sci. - African, American, 
etc. 2. Philosophical topics to ICRR about radiation - sci theory, 
ethics, interdisciplinarity, sci. structure (a), intern radiation research 
programmes (b). 3.Conceptions for intern./European post graduate 
education in general (interdisciplinary coordinators) andspecial rad. 
sci. – physicists, chemists, biologists, physicians, ecologists, 
philosophers, etc. 4. Political-financial support of IIRS for 
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enlargement of participated institutes by recommendation of 
cultural/UNESCO, medical/CIOMS-WHO, physical/IAEA, IUPAP, 
IUPAB, chemical/IUPAC, philosophical/FISP-ISB-
EACME organizations to national ministries, EU, foundations, 
etc. Conclusion:Social responsibility of IARR, IAEA, British, French, 
Polish rad. soc. for global health & ecological policy could be 
expressed by support of IIRS and counteract disastrous atomic 
accidents (eg Chernobyl/Fukushima), leading to new dimension in 
radiation ecology, medicine incl. oncotherapy of UNO Agenda21 for 
better health, education, ecology, economy in all 
countries. Ref.: Michailov, Neu, Welscher et al.: [1] ICRR 2007 S 
Francisco, p 76; 2003 Brisbane, 222&223; [2] IUPHAR 2010 
Copenhagen, Basic Clin Pharm Tox 17/S1, 488-9; IIUPS 2005 San 
Diego: FasebJ 19/5,772.14; [3] FISP 2003 Istanbul World Congr 
Philos 279-280, 2008 Seoul, 338-9/363-5. Dedicated to long time 
moral-scientific support: Profs O Hug, R Wittenzellner, E Parchwitz, 
M Kufner, Kriele, HJ Schliep, O Balk, U. Hagen/GSF Munich, also 
honorary ICSD-members: V D.-Danilyan/Russia, J Deisenhofer*, H 
Bethe*, CF von Weizsäcker//FRG-USA, L Esaki*/Japan-USA, HG 
Khorana*/K Singh/India-USA, LR Langslet/Norway, I Prigogine*, 
MZ Bacq /Belgium, H Rohrer*/Suisse, B Samuelson*, J von 
Uexküll/Sweden-UK, W Scheel, P.S. Stainov, A Balevski/Bulgaria B 
Vogel/Germany, A Cebulska-Wasilewska/Poland, E Wiesel*/USA 
(Nobel Laureate) 
 
POS13-10. Kerala Unique Possibilities for Novel Conceptual 
Insights into the Nature of Brain Disorders. Sergiy Volovyk1, K. 
Loganovsky2, D. Bazyka2, R. Keefe3, J. Siedow4, 1: Department of 
Psychiatry & Behavioral Sciences, Duke University Medical Center , 
USA 2: Research Center for Radiation Medicine, Academy of 
Medical Scienced of Ukraine 3: Department of Psychiatry & 
Behavioral Sciences, Duke University Medical Center 4: Department 
of Biology, Duke University, USA 
 
Immanent Earth (and Space) radiation have been a recurring terrestrial 
(and extraterrestrial) presence ever since the origin of life, throughout 
evolution, and part of the natural milieu of man\'s physiological 
functioning throughout his existence.Kerala (India) natural 
background radiation area (singular monazite sands coastal belts with 
non-uniform distribution of radiation exposure and dense population 
~400K (with adjacent control area under normal radiation level) living 
there during 50 generations; the incidence of schizophrenia and 
suicide rate are the highest in India and worldwide, etc) ultimately 
may give an ample unique opportunities to conduct in vivo dose 
response studies on humans at all stages of life (and brain 
development), and to investigate gene-environment interactions, mt-
DNA, Y-chromosome mutations, and \"adaptational\"/evolutional 
mutations in pleiotropic genes and possible discovering unknown 
SNPs (with GWADS), for schizophrenia etiology, etc.Methods: 
Pertinent Epidemiologic, Dosimetry, Biospecimen, Molecular 
Biomarkers / Genomics, Specific Cognitive Batteries 
Element.Generalization/conceptualization of mapping between 
environmental (radiation) exposure (to quantify effects), molecular 
(free-radical/redox) biomarkers, gene expression signatures, loss of 
hemispheric dominance, hippocampal neurogenesis, psychiatric 
symptoms and cognitive impairment relevant domains as pertinent 
plausible vestiges gives novel opportunities for theoretical and 
experimental insights into etiology and molecular nature of psychoses 
and dementia including determination of operational ability/capacity 
thresholds and global mental health phenomena.Cognitive impairment 
pertinent domains for natural radiation neurodevelopmental model of 
schizophrenia, especially impaired language, may be regarded as 
plausible vestiges of psychosis with respect to environmentally 
induced brain disorders/mental health phenomena. Environmental 
(ionizing radiation) determinant is logical, natural necessary 
complement to socio-economic ones for understanding the global 
mental health phenomena in Kerala and other HBRA (Meiape, ES, 
Pocos de Caldas, MG, Brazil, etc) and manmade radiation zones 
(Chernobyl, Fukushima, etc). 
 
POS13-11. CONNECTIONS OF RADIATION RESERACH TO 
ORIGINS OF LIFE. Zbigniew Zagórski, E. Maria Kornacka, 
Institute of Nuclear Chemistry and Technology, Warszawa, Poland 
 
Radiation research has sometimes unexpected and far reaching 
connections to other scientific disciplines. One of such relations is to a 
complex of problems concerning origins of life and early evolution. 
Studies in that field must take into consideration a higher than present 
intensity of ionizing radiation on early Earth (from radioactive 
isotopes) and on all objects in the space (from cosmic radiation), not 
protected, like meteorites or only slightly protected by an atmosphere, 
like in the case of present Mars. 
Our investigations are starting from the analysis of radiation induced 
phenomena on early Earth (e.g. by Z.P. Zagórski, Nukleonika 55, 555, 
2010). We have also applied present data on the intensity of ionizing 
radiation in outer space (e.g. by Benton C. Clark in Origins of Life 
and Evolution of Biospheres 31, 185 [2001]) to the analysis of 
situation of life on objects like asteroids and meteorites. Our 
experimental approach consists in simulation of radiation conditions 
in space and obtaining in hours information about thousands of years 
sojourn of selected systems in outer space. 
In conclusion, application of radiation research to so called 
astrobiology helps to eliminate hypotheses like panspermia and 
explain the desert like landscape of Mars. Radiation chemistry can 
contribute to the explanation of prebiotic chemistry and to the 
mechanisms of evolution by radiation chemistry of the DNA. 
Our presentation draws attention to the chapter 5 by Z.P. Zagórski 
―Role of radiation chemistry in the origin of life, early evolution and 
in transportation through cosmic space‖ in the monograph 
Astrobiology: Emergence, Search and Detection of Life, by American 
Scientific Publishers, USA 2010, pages 97-154, 
The project is supported by the Polish Ministry of Science and Higher 
Education No 365/N and is the part of European COST Action 
CM0703 (till 2012). 
 
Tuesday 
POS14 DNA repair 
 
POS14-01. DNA-PK phosphorylation in XRCC4 and XLF and its 
role in DNA double-strand break repair through non-homologous 
end joining. Mukesh Kumar Sharma1, M. Fukuchi2, S. Imamichi2, Y. 
Matsumoto2, 1: Department of Zoology, R.L.S. Govt. (PG) College, 
Kaladera (Jaipur), India; 2: Research Laboratory for Nuclear Reactors, 
Tokyo Institute of Technology, Tokyo, Japan 
 
In mammals, the most deleterious double strand breaks are repaired 
either by non-homologous end joining (NHEJ) pathway or by 
homologous recombination pathway. NHEJ pathway includes 
Ku70/86, DNA-PKcs, Artemis, XRCC4, DNA Ligase IV and 
Cernunnos/XLF. In the process of NHEJ, DNA-PK is considered an 
important or pivotal enzyme; it phosphorylates many of DNA repair 
proteins. Nevertheless, it has remained to be elucidated which protein, 
and for what reason, should be phosphorylated by DNA-PK. We have 
identified four phosphorylation sites in XRCC4 and two 
phosphorylation sites in XLF in vitro and verified in 
vivo phosphorylation using phosphorylation specific antibodies 
against these new sites. By the use of these phosphorylation specific 
antibodies, we have also observed that these phosphorylation sites in 
XRCC4 are found to be phosphorylated in living cells in response to 
ionizing radiation. These phosphorylation sites in the XRCC4 are also 
biologically important in the process of DNA repair, we have mutated 
these phosphorylation sites into alanine and found that three of these 
phosphorylation sites might be important for DNA repair function, as 
loss of them lead to elevated radiosensitivity with deficient DNA 
repair capability. Altogether, these results would indicate that XRCC4 
phosphorylation by DNA-PK is an essential event in NHEJ repair 
pathway of DNA double strand break. To analyze the biological 
importance of XLF phosphorylation further studies are currently under 
progress. The results of this study will have implications on cancer 
radiotherapy, providing us with novel strategy to modify or predict 
radiosensitivity. 
Supported by Grant-in-Aid for Scientific Research from JSPS (JSPS 
Post Doctoral Fellowship) and MEXT, Japan.  
 
POS14-02. Investigating the interplay of TGFbeta and ATM in 
the DNA damage response. Jennifer Anderson1, F. Cucinotta2, P. 
O'Neill1, 1: University of Oxford, UK 2: NASA Lyndon B. Johnson 
Space Center, USA 
 
It is believed that crosstalk occurs between the ATM and TGFbeta 
signal transduction pathways. Both pathways are essential for cellular 
and tissue control responses to ionizing radiation (IR) and aberrant 
modifications to these pathways are extensive in cancer. We 
hypothesize that the ATM and TGFbeta signaling pathways are fully 
induced at high doses of acute low-LET radiation, whereas only 
partially induced at low doses. The aim is to investigate the effect of 
radiation quality on modulating the cross-talk between these pathways 
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and the consequences for repair of DNA double strand breaks (DSB), 
the formation of which activates ATM. 
In rat fibroblast cells we have previously shown that addition of 
exogenous of TGFbeta or low dose gamma- or alpha-radiation triggers 
intracellular signalling causing translocation of Smad1/2/3 from the 
cytoplasm to the nucleus. We now shown using immunofluorescence 
that in human breast epithelial cells (MCF10A) irradiated with either 
high-LET 28Si heavy ions (150 MeV/n) or low-LET gamma-radiation 
the levels of nuclear Smad 1/2/3 increase up to 24 h after irradiation, 
consistent with perturbation of TGFbeta signaling in human cells. The 
percentage of MCF10A cells with nuclear Smad 1/2/3 is however 
decreased on inhibition of ATM, suggesting that cross-talk between 
the ATM and TGFbeta signal transduction pathways may be 
independent of radiation quality. Using gammaH2AX foci as a marker 
for DSB and RAD51 as a marker for homologous recombination, the 
levels of gammaH2AX and RAD51 foci numbers returned to 
background levels by 24 h following irradiation with gamma-rays (2 
Gy) or 28Si heavy ions (1 Gy) but interestingly they both remain high 
even 24 h after exposure to alpha-particles. 
These preliminary findings indicated that IR leads to perturbation of 
TGFbeta levels with potential crosstalk with ATM at the DNA 
damage level. The differences observed at the DNA damage between 
28Si ions/gamma-rays and alpha-particles will be explored in relation 
to DNA damage complexity and radiation dose. 
 
POS14-03. DNA Double-Strand Breaks and Mismatch Repair 
Efficacy in Blood Lymphocytes as Prognostic Markers for 
Melanoma Patients. Dmitry Artamonov1, V. Tronov2, L. 
Gorbacheva1, 1: Institute of Biochemical Physics, Russian Federation 
2: Institute of Chemical Physics, Russia 
 
Background: Melanoma is characterized by primary or acquired 
resistance to multiple cytotoxic drugs. It is the urgent aim to predict 
the response of patients to chemo therapy using non-invasive 
molecular markers. 
Methods: In our work we investigated the response to standard 
chemotherapy of blood lymphocytes of melanoma patients. DNA 
single and double strand breaks were determined using comet assay; 
intracellular levels of marker proteins (APE1, hMSH2, hMLH1) were 
detected using immunocytochemistry. Ultimately this set of 
parameters allows to characterize two mechanisms of DNA repair 
(base excision repair, BER and mismatch repair, MMR) which 
together with apoptosis proneness underlie response of tumor cells to 
chemotherapy. 
Results: We found AP sites and single strand breaks to be the most 
numerous lesions produced by N-methylated bases in response to 
chemotherapy. Single strand breaks were formed as intermediates and 
eliminated through the course of repair of AP sites by BER 
mechanism. Despite of interindividual variability of BER efficiency in 
lymphocytes of patients there was no damage in single strand DNA 
(ssDNA) 30 days after the 1-st cycle of chemotherapy. Less abundant 
but highly cytotoxic DNA lesion O6-methylguanine (O6meG) induced 
apoptosis in stimulated lymphocytes. Cell death caused by O6mG 
adducts is promoted by MMR system by inducing unrepaired double 
strand breaks in DNA. There was a linear correlation between the 
level of dsDNA breaks in lymphocytes after the 1-st cycle of 
chemotherapy and MMR efficiency in them (R2=0.89, p<0.0001). We 
observed a correlation between the level of dsDNA damage after the 
1-st cycle of therapy and  the response of patients to the full course of 
therapy: lymphocytes of patients exhibiting stable disease and 
progressive disease contained less dsDNA damage (less effective 
MMR) compared with lymphocytes of patients exhibiting partial 
remission of the disease. 
Conclusion:  Damage at the level of ssDNA (AP-sites and single 
strand breaks) and BER mechanism associated with it couldn‘t be a 
good prognostic factor of this protocol of chemotherapy. The level of 
double strand breaks in DNA after the 1-st cycle of chemotherapy is 
predictive of clinical outcome. 
 
POS14-04. DNA double strand break resection occurs in the G1 
cell cycle phase upon heavy ion irradiation. Nicole Averbeck1, M. 
Herrlitz1, O. Ringel1, F. Tobias1, B. Jakob1, M. Durante2, G. Taucher-
Scholz1, 1: GSI Helmholtzzentrum für Schwerionenforschung, 
Germany 2: GSI Helmholtzzentrum für Schwerionenforschung and 
Department of Condensed Matter Physics, TU Darmstadt, Germany 
 
It is well known that DNA double strand break (DSB) resection 
occurs as a pre-requisite of the DNA repair pathway of homologous 
recombination (HR) that takes place in the late S and G2 cell cycle 
phase. Interestingly, we found that at DSBs induced by heavy ion 
irradiation resection also takes place in G1. Heavy ions represent 
ionizing radiation that generates strictly localized DNA lesions 
including DSBs. Using immunofluorescence microscopy we show that 
with increasing linear energy transfer (LET) of the ion irradiation 
applied RPA foci are increasingly found not only at DSBs in G2 but 
also at DSBs in G1 phase cells. We further reveal that the exonuclese 
CtIP that promotes resection in G2 is also important for the observed 
resection in G1 since down regulation of CtIP expression by RNA 
interference decreases RPA foci formation in G2 as well in G1. While 
in G1-phase lymphocytes gH2AX prevents DSB resection in V(D)J 
recombination, we did not observe such an influence of gH2AX on 
resection in mouse fibroblasts upon DSB induction by heavy ion 
irradiation. Thus, the regulatory role of gH2AX on resection might be 
unique to V(D)J recombination and might not apply to genomic 
DSBs. Taken together, since increasing LET causes increasing 
complexity of DSBs, most likely lesion clustering plays a critical role 
in the decision of DSB resection in G1. The regulation of G1 resection 
and the connection to repair pathways is the matter of our ongoing 
studies. 
 
POS14-05. Radiation-induced recruitment and phosphorylation of 
cohesin in human cells. Christina Bauerschmidt1, M. Woodcock1, D. 
L Stevens2, M. A Hill1, K. Rothkamm2, T. Helleday1, 1: Gray Institute 
for Radiation Oncology and Biology, University of Oxford, UK 2: 
Health Protection Agency, Centre for Radiation, Chemical & 
Environmental Hazards, UK 
 
The cohesion between sister chromatids depends on cohesin, a 
heterohexameric protein complex. SMC1 and SMC3 form 
heterodimers and are joined together by Rad21 which also binds to 
either SA1 or SA2. 
We wanted to test whether cohesin is recruited to and phosphorylated 
at sites of IR-induced DNA damage in human cells. Therefore, HeLa 
cells were exposed to conventional X-rays or partially shielded ultra-
soft X-rays. Immunofluorescence, Western blotting and immuno-
precipitation were used to determine relocalisation and 
phosphorylation of cohesin subunits following irradiation. RNAi was 
used to identify factors mediating this response. 
Recruitment of the cohesin factor Rad21 to sites of X-ray-induced 
DNA damage was observed in G2-phase cells, but not in G1, and only 
when DNA damage was concentrated in 1 μm-wide stripes across the 
nucleus, generated by partially shielded ultra-soft X-rays. 
SMC1 and SMC3 were phosphorylated following IR. These 
phosphorylations occurred at cohesin complexes located at the 
damaged site throughout the cell cycle and depended on ATM. FRAP 
experiments show that the irradiation induced phosphorylation of 
SMC1 alters its mobility. Individual RNAi knockdown of H2AX, 
53BP1 and MDC1 had no effect on the formation of SMC1pS966 
whereas levels of SMC3pS1083 were reduced to about 50%. Both 
phosphorylation events were severely reduced when all three damage 
response mediators were targeted simultaneously. 
Human cohesin is involved in the cellular response to IR-induced 
DNA damage and promotes DNA double-strand break repair. 
 
POS14-06. Searching for rad51 homologue in radiation resistant 
tardigrades. Eliana Beltran1, R. Bermúdez2, A. Wojcik3, J. Bernal 1, I. 
Jönsson4, S. Haghdoost 4, 1: Universidad Javeriana, Colombia 2: 
Cinvestav 3: Jan Kochanowski University 4: Stockholm University, 
Sweden 
 
Tardigrades can resist extreme conditions as desiccation and ionizing 
radiation in doses above 1 kGy. It has been reported that tolerance to 
radiation is similar in both dehydrated and hydrated tardigrades, then 
it was suggested that rather than preventing biochemical damage, 
repair mechanisms may be responsible for the tolerance observed. 
According to the current hypotesis, the tardigrades must have evolved 
an effective DNA repair system, but none of their proteins has been 
characterized. For this reason, the study of the DNA repair systems in 
tardigrades could aid to understand the radiation resistant mechanism, 
and also contribute with more information about this important system 
in the genome integrity maintenance. 
We are interested in the characterization of the DNA repair system in 
tardigrades. Among the numerous proteins known to participate in the 
DNA repair process, RAD51 is a very important recombinase that is 
highly conserved. This protein is in charge of promoting strand 
exchange during homologous recombination, thus maintaining 
genomic stability.  
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For searching Rad51 homolog in tardigrades, different sets of primers 
were designed. A 200-bp PCR product was obtained, cloned and 
sequenced. The predicted protein sequence was analyzed by BLAST 
against NCBI database, resulting in 32% and 82% of identity and 
similarity, respectively with Rad51 proteins. This fragment was used 
to express a bacterial recombinant peptide that was injected into mice 
in order to generate a specific polyclonal antibody (ab). This ab 
allowed us to detect full Rad51 protein in tardigrades by western 
blot.  Our preliminary data reveals that theRad51 levels increase after 
45 min of 70 Gy radiation exposure, and they keep this tendency until 
3h. As expected, Rad51 levels were upregulated in response to 
ionizing radiation in tardigrades, this may suggest that homologous 
recombination could be the immediate response to double strand 
breaks, at least partly. 
 
POS14-07. Structural and biochemical investigation of the 
irreversible inhibition of Lactococcus lactis Fpg by DNA base 
analogs. Artur Biela1, A. Biela2, F. Coste2, J. Cieśla3, B. Tudek3, B. 
Castaing2 1: Centre de Biophysique Moléculaire/Centre Nationale de 
la Recherche Scientifique, France 2: Centre de Biophysique 
Moleculaire, CNRS, Orléans, France 3: Institute of Biochemistry and 
Biophysics, Polish Academy of Sciences, Warsaw, Poland 
 
The Formamidopyrimidine-DNA glycosylase (Fpg or MutM) is a 
bifunctional DNA glycosylase/AP lyase base excision repair enzyme. 
Fpg belongs to the structural H2TH superfamily like the E. coli Nei 
enzyme and the human Nei-like 1 protein (hNEIL1) [1]. This enzyme 
displays a broad substrate specificity by excising numerous oxidized 
base lesions (the mutagenic 8-oxoG, the replication block FapyG, the 
hydantoins of purines and oxidized pyrimidines such as 
dihydroxyuracile and the hydantoins of pyrimidines). As reveals by 
crystal structures of Fpg bound to damaged DNA, the enzyme 
displays different extruded binding modes of the base lesion inside its 
substrate binding pocket [2,3]. 
In previous work, we have identified DNA base analogs that reveal 
inhibitory properties of the E. coli Fpg protein [4]. As expected, we 
show that the L. lactis Fpg enzyme is also inhibited by some of these 
small compounds. The molecular inhibition was deciphered at the 
atomic level by solving the X-ray crystal structure of the L. lactis Fpg 
enzyme bound irreversibly to a DNA base thio-analog. As anticipated 
by the non-competitive behavior of this inhibition, 3D structures 
identify the target site of the inhibitor in the zinc finger motif of Fpg. 
This suicide reaction (covalent cross linking of the inhibitor to the 
enzyme) leads to the loss of the zinc ion abolishing thus the DNA 
binding properties of the enzyme. Because, most of the DNA 
glycosylases of the H2TH superfamily contain this DNA binding 
motif, our finding open the way to target this enzyme class in 
pharmacologic strategies. 
[1] Dalhus et al. (2009) FEMS Microbiol. Rev. 33, 1044-1078. 
[2] Coste et al. (2008) Chem. Biol. 15, 706–717. 
[3] Le Bihan et al. (2011) Nucleic Acid Res., in press. 
[4] Speina et al. (2005) Acta Biochim. Polonica 52, 167-178. 
 
POS14-08. The changing dose rate: A new factor of importance in 
radiobiology? Karl Brehwens, A. Bajinskis, E. Staaf, S. Haghdoost, 
A. Wojcik, GMT Department, Stockholm University, Sweden 
 
Many factors are known to influence the biological outcome of an 
absorbed dose of ionising radiation, such as linear energy transfer, 
temperature and dose rate. However, very little is known about the 
effects of changing dose rates, although such exposure scenarios are 
very common where either the source or the exposed subjects are in 
motion with respect to one another. Consequently, the first aim of this 
study was to elucidate if there was any difference in biological effect 
between three cell samples all exposed simultaneously to the same 
total dose of X-rays, but where one sample was moving towards the 
source, one sample away from the source, and the third sample was 
stationary in the beam. Cells were exposed either at 37° C or 0.8° C 
and at both irradiation temperatures the sample moving away from the 
source sustained the most damage as seen in the form of micronuclei 
induction. Irradiating at the lower temperature resulted in a similar 
inter-sample relationship as for the 37° C irradiations, but with the 
total number of micronuclei being lower. The mechanisms of this 
changing dose rate effect are not clear. Possibly, cells sense the DNA 
damage differently when exposed to increasing or decreasing dose 
rates. 
 
POS14-09. Conjugated linoleic acid sensitizes human colon cancer 
HT-29 cells to X-radiation by impairing DNA double strand break 
repair. Kamil Brzóska, B. Sochanowicz, I. Grądzka, Institute of 
Nuclear Chemistry and Technology, Warsaw, Poland 
 
Conjugated linoleic acids (CLA) are natural components of fat in milk 
and meat of ruminants. Individual CLA isomers may significantly 
differ in their biological activities. The most abundant isomer present 
in dietary products, 9c, 11t CLA, exerts anticancer, anti-inflammatory, 
anti-atherosclerotic and anti-diabetic activities. In the present work, 
we studied the influence of 9c, 11t CLA supplementation on the 
response of human colon cancer HT-29 cells to ionizing radiation. The 
cells, pre-incubated with 70 µM CLA for 22 h, were X-irradiated with 
a range of doses from 0-6 Gy. Cell survival and recovery ratio were 
assessed by clonogenicity test. Rejoining of double strand DNA 
brakes (DSB) was monitored with the use of pulse-field 
electrophoresis. Additionally, 2 hours after irradiation, expression of 
genes involved in DSB repair was measured by real-time PCR. The 
clonogenicity test showed that CLA sensitized HT-29 cells to X-rays 
with a dose modification factor, D0control/D0CLA = 1.55; it also 
decreased cell recovery ratio from 3.62 to 2.64. In the initial phase of 
repair (up to 15 min) DSB level was substantially increased upon 
CLA supplementation. This initial DSB accumulation was not related 
to any CLA effect on the expression of the 84 genes analysed (e.g. 
ATM, ATR, PARP1, DNA-PKcs). Nevertheless, DNA dependent 
protein kinase (DNA-PK) activity in X-irradiated, CLA-supplemented 
cells was significantly lower than in X-irradiated and non-
supplemented cells. Thus, the observed radiosensitizing effect of CLA 
in HT-29 cells may consist in a transcription-independent reduction of 
the activity of DNA-PK, the key enzyme in DSB repair in mammals. 
Our results show that CLA could be considered as natural compound 
that increase the effectiveness of radiotherapy. 
Supported by The Ministry of Science and Higher Education grant no. 
494/N-Niemcy/2009/0.  
 
POS14-10. DNA end resection by Exo1 influences critical double-
strand break repair and damage signaling decisions. Sandeep 
Burma1, N. Tomimatsu1, K. Deland2, E. Bolderson3, K. Khanna4, B. 
Mukherjee2, 1: University of Texas Southwestern Medical Center, 
USA 2: University of Texas Southwestern Medical Center, USA 3: 
Qeensland Institute of Medical Research, Australia 4: Qeensland 
Institute of Medical Research, Australia 
 
The mammalian DNA damage response (DDR) consists of a vast 
network of signal transduction cascades that amplify and relay the 
signal from DNA double-strand breaks (DSBs) to DNA repair, cell 
cycle arrest, and apoptotic machineries. Three related kinases – ATM, 
ATR, and DNA-PKcs – are the primary responders to DSBs. ATM 
and ATR enforce cell cycle checkpoints, while DNA-PKcs is 
primarily involved in DSB repair. According to the existing paradigm, 
ATM is activated directly by DSBs, while ATR is activated after 
resection of DSBs into ssDNA in an ATM/Mre11-dependent manner. 
We modify the existing paradigm by demonstrating the existence of 
an ATM/Mre11-independent pathway for ATR activation and cell 
cycle checkpoint implementation. In addition, we show that a subset 
of proteins involved in chromatin remodeling can be phosphorylated 
in a spatio-temporally restricted manner by DNA-PKcs. The 
―ATM/Mre11-independent‖ pathway of ATR activation elucidated by 
us involves DSB resection by Exo1, a 5‘ to 3‘ exonuclease [1]. We 
also show that DSB resection by Exo1 plays a very important role in 
homologous recombination (HR) [2]. Indeed, the resection of DSBs 
into ssDNA is increasingly assuming a pivotal role in DDR, possibly 
regulating the balance between NHEJ and HR repair pathways on one 
hand, and between ATM- and ATR-driven cell cycle checkpoints on 
the other. The two-step model of resection, recently elucidated in 
yeast, posits that initial minimal resection by ATM/Mre11/CtIP is 
necessary for extensive resection by either Exo1 or BLM/Dna2. By 
using a combination of biochemical and live-cell imaging techniques, 
we show that Exo1 is an immediate responder to DSBs and can 
function independently of ATM/Mre11/CtIP in promoting DSB 
resection. Importantly, we find that Exo1 is a critical component of a 
recently elucidated NHEJ to HR switching mechanism involving 
Brca1 and 53BP1. Finally, we show that a transition from ATM- to 
ATR-mediated cell cycle checkpoint signaling is facilitated by Exo1-
dependent DNA resection. In sum, these results identify Exo1 as an 
independent and critical mediator of DNA repair and damage 
signaling decisions in response to DSBs. Interestingly, our preliminary 
results indicate that chromatin remodeling influences DSB resection 
by Exo1 and this aspect of DDR is currently under investigation. 
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1. Tomimatsu, N., B. Mukherjee, and S. Burma, Distinct roles of ATR 
and DNA-PKcs in triggering DNA damage responses in ATM-
deficient cells. EMBO Rep, 2009. 
2. Bolderson, E., et al., Phosphorylation of Exo1 modulates 
homologous recombination repair of DNA double-strand 
breaks. Nucleic Acids Res, 2009. 
 
POS14-11. An association between the XRCC2 and XRCC3 gene 
polymorphisms and outcome of non-small cell lung cancer 
patients after radiotherapy. Dorota Butkiewicz1, A. Drosik2, M. 
Krześniak2, R. Suwiński2, M. Rusin2, A. Kosarewicz2, J. Rachtan3, I. 
Matuszczyk2, M. Gawkowska-Suwińska2, 1: M. Sklodowska-Curie 
Memorial Cancer Center and Institute of Oncology, Warsaw Branch, 
Poland 2: M. Skłodowska-Curie Memorial Cancer Center and Institute 
of Oncology, Gliwice Branch 3: Centre of Oncology, M. Skłodowska-
Curie Memorial Institute, Cracow Branch, Poland 
 
The XRCC2 and XRCC3 proteins belong to DNA double-strand break 
repair (DSBR) pathway. This type of lesions is induced by ionizing 
radiation and platinum compounds used in cancer patients treatment. 
Polymorphisms in genes involved in DNA repair processes are known 
to affect level of DNA damage, individual repair capacity and cancer 
risk. They may also modulate a therapy response and prognosis. The 
purpose of our study was to evaluate a possible impact of the two little 
known DSBR polymorphisms –XRCC2 -4234G>C and XRCC3 -
4541A>G - on overall survival (OS) in radiotherapy-treated non-small 
cell lung cancer (NSCLC). 
The study group comprised of 231 patients, mainly with squamous 
cell carcinoma (SCC) and in advanced stage III-IV. There were 52% 
of patients treated with a curative-intent radiotherapy. Induction 
platinum-based chemotherapy was administered to 67% of the cases. 
DNA was obtained from frozen peripheral blood. SNPs were 
identified using PCR-RFLP. Kaplan-Meier survival curves were 
compared by log-rank test. Uni- and multivariate Cox proportional 
regression models were also used. 
The XRCC3 -4541 AG+GG combined genotype was significantly 
associated with better survival in the SCC subgroup, especially among 
those patients treated with cumulative radiation dose ≥ 60Gy or after 
chemotherapy. The XRCC2 -4234 GC+CC combined genotype 
significantly correlated with improved OS among adenocarcinomas, 
especially when additionally received induction chemotherapy. 
Presented results show that selected DNA repair polymorphisms may 
serve as biomarkers of prognosis in NSCLC patients after irradiation. 
 
POS14-12. Repair kinetics of DNA damage by XRCC1 in real 
time following irradiation of mammalian cells. Sarah Cooper, P. 
Reynolds, P. O'Neill, M. Lomax, Gray Institute for Radiation 
Oncology and Biology, UK 
 
Ionising radiation induces a variety of DNA damage including single 
strand breaks (SSBs), double strand breaks (DSBs), abasic sites and 
oxidised lesions. A specific feature of ionising radiation is the 
formation of clustered DNA damage where two or more lesions form 
within one to two helical turns of the DNA induced by a single 
radiation track. The complexity of ionising radiation induced damage 
increases with increasing ionisation density and it has been shown that 
complex DNA damage has reduced efficiency of repairability. In 
mammalian cells, base excision repair (BER) is the predominant 
pathway for the repair of clustered DNA lesions and is sub-classed as 
short patch and long patch. The repair of DNA damage induced in 
EMC11 cells (deficient in XRCC1) by both near infrared (NIR) 
multiphoton laser microbeam and ultrasoft X-rays (USX) has been 
investigated in real time through recruitment and loss of a key protein 
in BER, X-ray cross complementing 1 (XRCC1), to sites of damage. 
USX irradiation is a form of low LET radiation where the damage 
formed is proposed to be a lot less complex than that induced by NIR 
multiphoton laser microbeam irradiation. We have found that 
following USX irradiation XRCC1-YFP is involved in a single repair 
component with a half life of 3.5 min, in contrast to NIR laser 
irradiation where XRCC1-YFP is involved in two components of 
repair, a fast component (half-life of 14.8 min) and a slow component 
(half-life of 153.5 min), which represent the repair of at least two 
types of damage. 
We have gone on to show that in the presence of a PARP inhibitor less 
XRCC1 is recruited to damage sites induced by both USX and NIR 
irradiation. However, the kinetics of recruitment and loss of XRCC1 
at these damage sites remain the same as in the absence of the PARP 
inhibitor. In addition, we have looked at the influence of chromatin 
compaction/relaxation on the recruitment of XRCC1. Preliminary 
results using histone deacetylase (HDAC) inhibitors suggest that when 
chromatin is relaxed, more XRCC1 is recruited to the damage sites 
following USX irradiation. 
In conclusion, XRCC1 is involved in repair of more than one type of 
damage and the repair kinetics reflect the complexity of the damage, 
which is largely dependent on the type of radiation. Also, the 
recruitment of XRCC1 can be affected by inhibiting other proteins 
involved in DNA repair. 
 
POS14-13. Non-linear DNA damage response to low-dose ionizing 
radiation suggests clustering of DNA breaks in normal human 
cells. Sylvain Costes1, A. Asaithamby2, T. Neumaier3, A. Polyzos1, C. 
Pham1, 1: Berkeley Lab, USA 2: University of Texas Southwestern 
Medical Center, USA 3:  Institute for Radiation Protection, Helmholtz 
Zentrum München, Germany 
 
The number of radiation-induced foci (RIF) measured at any time-
point following exposure to IR only reflects a net number of RIF: this 
number does not account neither for RIF that have already been 
resolved,  nor for RIF that have not yet appeared. Novel image-
analysis algorithms for automatic RIF detection coupled with 
mathematical modeling allow us to deduce from the measured RIF 
kinetic the total number of RIF produced for a given dose of IR 
(cumulated count). Our fits from immunocytochemistry human 
specimen (gH2AX and 53BP1) suggest that the cumulated RIF count 
normalized to dose is not constant, but rather is 2 to 3 fold higher at a 
low dose of  5 cGy compared to what is measured at a higher dose of 
200 cGy of X-rays. In addition, we show that RIF are produced faster 
and removed more slowly with increasing doses. Similar trends are 
also observed when depositing very high local doses of IR in the 
nucleus by using high LET ions. For example, RIF induction is 25 
times faster after exposure to 1 GeV/amu Fe ions. Interestingly, 
damages outside the ion tracks, which are estimated to be equivalent 
to 17 cGy of X-rays, elicit a RIF kinetic comparable to that of X-rays. 
Cumulated RIF counts can only be measured by live cell microscopy. 
We thus report here live cell imaging of 53BP1-GFP in irradiated 
human fibrosarcoma cells HT1080 and non-malignant human breast. 
For both cell types, cumulated RIF counts are 2 to 3 times higher at 
low dose (40-60 RIF/Gy at 0.1 Gy) than high dose (15-20 cumulated 
RIF/Gy at 1 Gy). These live data also allow us to validate our 
mathematical model, as the cumulated counts derived from fitting net 
RIF kinetic are similar to the experimental values. 
Assuming the number of DNA double-strand breaks (DSBs) is 
proportional to dose, we show with Monte Carlo simulations that 
these results can be interpreted by the existence of an attractive force 
between DSBs. Simulations assuming an interaction range between 
DSBs of 1 mm indicate that the probability of DSB clustering 
increases as a quadratic function of dose. Consequently, as dose 
increases, the percentage of RIF made of clustered DSBs increases, 
leading to faster RIF induction but slower RIF resolution. 
Supported by the DOE Low Dose SFA Program at Berkeley Lab 
under DOE Contract No. DE-AC02-05CH11231 and the NASA 
NSCOR Program 
 
POS14-14. Processing of 8-oxo-7, 8-dihydroguanine and 
2‘deoxyribonolactone when present within a clustered DNA 
damage site. Siobhan Cunniffe1, V. Shah2, P. O'Neill1, M. 
Greenberg2, M. Lomax1, 1: Gray Institute for Radiation Oncology and 
Biology, University of Oxford, UK 2: Organic and Bioorganic 
Chemistry, Johns Hopkins University, USA 
 
The formation of clustered DNA damage sites is a unique feature of 
ionizing radiation (IR), defined as two or more lesions formed within 
one or two helical turns of DNA, from a single radiation track.  Due to 
the proximity of the lesions it has been hypothesised that they could 
pose a challenge to the repair machinery of the cell, in particular the 
base excision pathway (BER), leading to the lifetime extension of the 
lesions within the cluster. Two major lesions formed by IR are 8-oxo-
7, 8-dihydroguanine (Go) and 2‘deoxyribonolactone (dL, an oxidised 
abasic site). Oligonucleotides, containing dL and Go positioned one 
base 5‘ or 3‘ to each other in a bistranded cluster, were treated with 
mammalian cell extracts or purified BER enzymes, to assess the 
efficiency of repair of the dL lesion within the clustered damage site. 
Limited repair of dL was seen with nuclear extract, unless the extract 
was supplemented with an excess of FEN1, consistent with the repair 
of dL following the long patch (LP) pathway of BER. When LP repair 
is reconstituted using purified proteins, the efficiency of base 
incorporation by pol β is not affected by an opposing Go during the 
repair of the dL lesion however it‘s dRPase activity is reduced. Strand 
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displacement and ligation are retarded when Go is positioned either 
one base 5‘ or 3‘ to dL, compared to when dL is present as a single 
lesion. An E.coli reporter assay was used to determine the mutation 
induction of the clustered Go and dL lesions compared to isolated 
lesions. Mutation frequencies were found to be significantly higher 
when the lesions were present in a cluster after transformation into 
wild-type and mutant E.colibackgrounds. These results give insights 
in to how IR damage to DNA is repaired and thus may lead to the 
exploitation of steps of repair pathways for cancer therapy. 
 
POS14-15. DNA glycosylase NEIL1 is involved in vivo repair of 
radiation-induced (5'R)- and (5'S)-8,5'-cyclo-2'-
deoxyadenosines.  Miral Dizdaroglu1, B. C. Nelson1, V. Vartanian2, 
R. Stephen Lloyd2, P. Jaruga1, 1: Natl. Inst. Stds. Technol., USA 2: 
Oregon Health and Science University, USA 
 
(5‘R)- and (5‘S)-8,5‘-cyclo-2‘-deoxyadenosines (R-cdA and S-cdA) 
are among the major lesions formed in DNA by ionizing radiation. 
They accumulate in DNA and are detectable in vivo due to disease 
states and defects in DNA repair, pointing to their potential role in 
disease processes. Using liquid chromatography/tandem mass 
spectrometry with isotope-dilution (LC-MS/MS), we observed 
significant accumulation of R-cdA and S-cdA in liver DNA of neil1–/–
 mice without exogenous oxidative stress, when compared to control 
or ogg1–/– mice. NEIL1 is a DNA glycosylase that is involved in base 
excision repair (BER) of oxidatively induced DNA damage, 
exhibiting a strong preference for excision of 4,6-diamino-5-
formamidopyrimidine and 2,6-diamino-4-hydroxy-5-
formamidopyrimidine with no specificity for 8-hydroxyguanine. R-
cdA and S-cdA are repaired by nucleotide excision repair (NER). 
Since the accumulation of R-cdA and S-cdA in neil1–/– mice strongly 
points to the failure of their repair, these data suggest that NEIL1 is 
involved in NER of these compounds. We also showed that R-cdA 
and S-cdA exist in human urine, and can be identified and quantified 
by LC-MS/MS. These compounds had hitherto not been considered or 
investigated to be present in urine as possible biomarkers of DNA 
damage. Our data strongly suggest that R-cdA and S-cdA may be 
well-suited biomarkers for disease processes such as carcinogenesis or 
used as markers of exposure to ionizing radiation or other sources of 
oxidative stress, and can be accurately measured by LC-MS/MS in 
vivo. 
 
POS14-16. Stabilization of TP53 product in selected DNA repair 
deficient cell lines by lipid peroxidation product trans-4-hydroxy-
2-nonenal (HNE). Dorota Dziuban1, K. Hulka2, A. Winczura3, L. 
Maddukuri4, P. Kowalczyk5, 1: Institute of Biochemistry and 
Biophysics, PAS, Poland 2: Institute of Genetics and Biotechnology, 
University of Warsaw, Poland 3: Institute of Biochemistry and 
Biophysics, PAS, Poland 4: A. B. Hancock Jr. Memorial Laboratory 
for Cancer Research 5: Interdisciplinary Center for Mathematical and 
Computational Modelling, University of Warsaw, Poland 
 
Trans-4-hydroxy-2-nonenal (HNE) is a lipid peroxidation product, 
which modificates and damaged proteins, lipids and DNA. TP53 is a 
key regulator of the cell cycle and apoptosis, so may be an indicator of 
cell's damaged. In damaged genetic material cells level 
of TP53 increases. TP53 level is regulated by MDM2 ubiquitin ligase, 
which regulate proteasomal degradation. 
Using Western analysis, we investigated stabilization of TP53 protein 
in human and Chinese hamster cells by one of the major lipid 
peroxidation products, trans-4-hydroxy-2-nonenal (HNE). In human 
cell line deficient in transcription-coupled repair (CSB-/-
) TP53 stabilization was observed even in the absence of HNE. 
However, 2 h incubation with HNE increased TP53 level in HNE 
concentration dependent manner. This suggests that HNE adducts to 
DNA bases may be endogenous substrates for TCR. If this pathway is 
deficient, HNE-DNA adducts induce TP53 dependent apoptosis. 
In Chinese hamster cells deficient in non-homologous end joining 
(DNA-PKcs
-/-)   similar HNE dependent TP53 stabilization was 
observed. In DNA-PKcs
-/- cells the level of TP53 regulator MDM2 was 
lower than in the wild type cells. In Xrcc1-/- and Xpd-/- cells 
both TP53 and MDM2 levels were slightly augmented by HNE, but 
their level did not differ between DNA repair proficient and deficient 
cells. 
All DNA repair deficient cell lines, but not XRCC1-/-, were more 
sensitive to HNE than  isogenic wild type cells. This suggests that 
HNE induces cell death by different pathways, and these pathways 
may depend on the genetic background of the cell. 
 
POS14-17. Influence of XPD (codon 312) gene polymorphic 
variants on the repair kinetics of DNA damages induced by 
ionizing radiation in HCT116 cell line. Agnieszka Gdowicz-
Kłosok1, A. Gdowicz-Kłosok1, W. Pigłowski1, J. Rzeszowska-Wolny2, 
1: Maria Sklodowska-Curie Memorial Cancer Center and Institute of 
Oncology Gliwice Branch, Poland 2: Silesian University of 
Technology, Katowice, Poland 
 
Introduction: Various cancers are the ultimate consequence of a series 
of events involving single cells and leading accumulation of mutations 
in the genome, loss of division and growth control and, finally, to 
functional disorders and cancerous transformation. During the 
initiation of carcinogenesis genetic predispositions leading to 
mutations and gene polymorphisms play crucial roles. It is generally 
accepted that even slightest changes in the activity of proteins crucial 
to cell functioning may lead to oncogenesis. Particularly important 
seem the changes affecting proteins responsible for DNA repair. Many 
population-level studies have shown that there is a strong correlation 
between gene polymorphism of proteins involved in DNA repair and 
individual cell reaction to genotoxic factors, and which is manifested 
by varying levels of endogenous damage observed in donors‘ 
lymphocytes, and by different phenotypes of repair. 
Materials and Methods: Analysis of the repair kinetics of DNA 
damage induced by ionizing radiation was performed in HCT116 cell 
line derived from human colorectal carcinoma. Three stably 
transfected cell lines were derived using a retroviral system: HCT116 
with inserted pLNCX2 vector without XPD gene (control 2), 
HCT116-XPDxtd with inserted XPD Asp312Asp gene and HCT116-
XPD312 with inserted variant version of XPD Asn312Asn gene. Cell 
cultures of these three lines were subjected to a 2Gy dose (chosen 
experimentally) of ionizing radiation and DNA repair dynamics were 
evaluated by comet assay test. 
Results: Analysis of the functional meaning of XPD 312 gene 
polymorphic variants revealed that, in the case of repair kinetics of 
DNA damages induced by ionizing radiation, individual cell reaction 
strictly depended on particular XPD genotype. In agreement with 
earlier reports, two different cell subphenotypes could be identified in 
the HCT116 cell line. The more frequent Asp312Asp genotype was 
linked to low efficiency of the repair systems whereas Asn312Asn 
warranted faster and more effective DNA repair. 
 
POS14-18. Impact of GBM-specific oncogenic events on DNA 
repair pathways: implications for targeted therapy. Carlos Gil del 
Alcazar, B. McEllin, B. Mukherjee, K. Amancherla, N. Pichamoorthy, 
C. Camacho, N. Tomimatsu, D. Boothman, R. Bachoo, S. Burma, UT 
Southwestern Medical Center, USA 
 
Glioblastoma multiforme (GBMs) are lethal brain tumors that are 
refractory to radiation and chemotherapy. The only therapeutic 
regimen that has modestly improved survival of GBM patients is 
radiation in combination with the DNA alkylating agent, 
temozolomide. Recent mapping of the GBM genome by the Cancer 
Genome Atlas Network revealed that these cancers commonly exhibit 
several signature mutations that promote gliomagenesis (EGFR 
amplification/activation, PTEN loss, p53 loss, Ink4a/Arf loss). How 
these genetic changes modulate responses to radiation and DNA 
alkylating agents is not well understood. Using several in vitro and in 
vivo approaches, we find that key GBM-specific oncogenic events 
influence non-homologous end joining (NHEJ) and homologous 
recombination (HR) DNA repair pathways in specific ways. We show 
that expression of constitutively-active EGFRvIII promotes the repair 
of radiation-induced DNA double-strand breaks (DSBs) by NHEJ, 
resulting in increased radioresistance both in vitro and in orthotopic 
tumors. Our data indicate that this is due to hyperactivation of the 
DNA repair enzyme, DNA-PKcs in an Akt-dependent manner [1].  In 
contrast, we find that PTEN loss results in sensitivity to DNA 
alkylating agents like temozolomide [2]. We show that these agents 
induce secondary replication-associated DSBs that are poorly repaired 
in PTEN-null astrocytes and trigger apoptosis. We further show that 
this sensitivity is due to impairment of HR, the predominant pathway 
for the repair of replication-associated DSBs. These newly discovered 
relationships between oncogenic signaling and DNA repair pathways 
suggest that there may be inherent differences in DNA repair 
capabilities based upon tumor genotypes. This information can help 
uncover new approaches to target tumors based upon their genomic 
map. For example, our in vitro results indicate that PTEN-null GBMs 
(about 36%) may be vulnerable to novel PARP inhibitors, agents that 
are now in clinical trials and show ―synthetic lethality‖ with HR 
deficient (BRCA1/2 null) tumors. We are currently using orthotopic 
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tumor models to test this ―synthetic lethal‖ approach to glioma 
therapy. In addition, we are currently investigating whether inhibiting 
Akt (a downstream node activated by both EGFRvIII expression and 
PTEN loss) might result in improved radiosensitization in human 
glioma lines and in orthotopic tumor models. 
1. Mukherjee, B., et al., EGFRvIII and DNA double-strand break 
repair: a molecular mechanism for radioresistance in 
glioblastoma. Cancer Res, 2009. 69(10): p. 4252-9. 
2. McEllin, B., et al., PTEN loss compromises homologous 
recombination repair in astrocytes: implications for glioblastoma 
therapy with temozolomide or poly(ADP-ribose) polymerase 
inhibitors.Cancer Res, 2010. 70(13): p. 5457-64. 
 
POS14-19. Mechanism of HT-29 cells radiosensitization by 
conjugated linoleic acid: changes in lipid raft properties. Iwona 
Grądzka1, B. Sochanowicz2, K. Brzóska2, M. Wojewódzka2, S. 
Sommer2, G. Wójciuk2, A. Gasińska3, C. Degen4, G. Jahreis4, I. 
Szumiel2, 1: Institute of Nuclear Chemistry and Technology, Warsaw, 
Poland 2: Institute of Nuclear Chemistry and Technology, Warsaw, 
Poland 3: Centre of Oncology, Cracow, Poland 4: Institute of 
Nutrition, Friedrich Schiller University, Jena, Germany 
 
Conjugated linoleic acids (CLA) are natural components of human 
diet. Previously, we have shown that the most abundant isomer, 9c,11t 
CLA, sensitized human colon cancer HT-29 cells to X-radiation. The 
increase in radiosensitivity was associated with a transcription-
independent decrease in DNA-dependent protein kinase (DNA-PK) 
activity, that resulted in a delay in DNA double-strand break (DSB) 
rejoining; it was, however, not followed by a significant increase of 
chromosomal aberration frequencies. 
To further explore mechanisms of CLA action, we extended our 
investigations: We found that the transient increase in DSB levels 
during repair in CLA supplemented cells was reflected in DSB  repair 
foci number (histone g-H2AX), monitored immunocytochemically, 
and in chromatid fragmentation frequencies, measured by premature 
chromosome condensation. Cell cycle distribution, assessed by flow 
cytometry, was not affected by CLA. On the contrary, thin layer 
chromatography combined with gas chromatography analysis has 
shown that 9c,11t CLA easily incorporated into cellular lipids: 
triacylglycerides and phospholipids, displacing saturated fatty acids. 
This, in turn, considerably affected distribution of cholesterol, 
epidermal growth factor receptor (EGFR) and caveolin-1 in lipid raft 
fractions, obtained by flotation of the cell homogenates through the 
Opti-Prep gradient. Moreover, the X-irradiation-stimulated 
accumulation of EGFR in the nuclei was inhibited in CLA-
supplemented cells, as estimated by enzyme-linked immunosorbent 
assay. As evidenced by other authors (Dittmann K. et al., 
J.Biol.Chem. 280 (2005):31182-31189), the EGFR import to the 
nuclei is indispensable to increase the DNA-PK activity in response to 
ionizing radiation. 
We hypothesise that the radiosensitizing effect of 9c,11t CLA lies in 
its ability to modify structure/properties of lipid rafts. The resulting 
decrease in EGFR migration to the nuclei and lowered DNA-PK 
activity may impair pro-survival signaling in the cell. 
Acknowledgment: This work was supported by the Polish Ministry of 
Science and Higher Education grant, nr 494/N-Niemcy/2009/0.  
 
POS14-20. Chromosome aberration frequency following fetal 
exposure to ionizing radiation differs by the tissue. Kanya 
Hamasaki1, M. Nakano1, K. Ohtaki1, Y. Shimada2, M. Nishimura2, M. 
Yoshida3, A. Nakata3, N. Nakamura1, Y. Kodama1, 1: Radiation 
Effects Research Foundation, Japan 2: National Institute of 
Radiological Sciences, Japan 3: Hirosaki University, Japan 
 
[Purpose] To provide biological information for radiation response 
following fetal exposure, we have previously reported that survivors 
who were exposed in utero showed almost no dose response in the 
translocation frequency in their lymphocytes when examined at 40 
years of age. Similar lack of response was obtained in subsequent 
mouse experiments. In order to see whether the above findings are 
unique in hematopoietic cells, we examined chromosome aberration 
frequencies in rat mammary epithelial cells following fetal irradiation. 
[Materials and Methods] Pregnant rats were exposed to 2 Gy of 137Cs 
gamma rays at day 17.5 p.c., and mammary gland tissues were 
subjected to in vitro cultures at 6, 9, and 45 weeks after irradiation for 
chromosome analysis. Translocation frequencies were determined 
with FISH using painting probes for chromosomes 2 (yellow) and 4 
(red), and 800 cells were examined for each rat. Chromosome tests 
were also conducted in spleen T lymphocytes in some animals. 
[Results] Mean translocation frequency in mammary epithelial cells 
was 3.5% at 6-45 weeks after fetal exposures. This value was almost 
the same as that observed in their mothers (2.9%). On the other hand, 
clearly lower translocation frequencies (0.2-0.5%) were observed in 
spleen T lymphocytes of the rats irradiated as fetuses compared to that 
of their mothers (3.0-4.0%). 
[Conclusion] The results indicated that, following fetal irradiation, 
mammary glands were found to record cytogenetic damage when 
examined as adults, and the translocation frequency was nearly the 
same as that of their mothers, whereas lymphocytes did not record the 
chromosome damage as observed in mice. Thus, the results suggest 
that the lack of translocation dose response following fetal exposure is 
tissue-dependent. 
 
POS14-21. Radiosensitization of glioblastomas by targeting the 
DNA-PK-PP6c interface.  Amol Hosing, N. Valerie, J. 
Dziegielewski, D. Brautigan, J. Larner, University of Virginia, USA 
 
Glioblastoma multiforme (GBM) is a primary brain tumor with poor 
prognosis, characterized by an exceptionally high degree of 
radioresistance. The radioresistance of GBMs has been attributed to 
both the presence of glioma tumor stem cells which resist apoptosis 
and the ability to efficiently repair damaged DNA by the non-
homologous end joining pathway (NHEJ). A critical player in the 
NHEJ pathway is DNA-dependent protein kinase (DNA-PK). 
Previous work in our lab has shown that knockdown of the protein 
phosphatase 6 catalytic subunit (PP6c) or its regulatory subunit PP6R1 
impairs the radiation induced DNA-PK activation and DNA repair 
resulting in radiosensitization of GBM tumors in vitro. We 
hypothesize that PP6R1 mediates the DNA-PK-PP6c interaction and 
expression of a PP6R1 mutant which inhibits the DNA-PK-PP6c 
interaction will prevent radiation induced DNA-PK activation 
resulting in radiosensitization. To test this hypothesis, various PP6R1 
deletion mutants were generated and tested for their binding to DNA-
PK and PP6c by co-precipitation from transiently transfected cells. A 
PP6R1 deletion mutant that binds to DNA-PK, but not PP6c was 
identified and the ability of this mutant to compete for the DNA-PK-
PP6c interaction and to inhibit DNA-PK activation in response to 
radiation was tested. Results from these experiments will be 
presented. 
 
POS14-22. In vitro and in vivo studies of the formation and repair 
of DNA-protein crosslinks. Hiroshi Ide, M. I. Shoulkamy, M. 
Ohshima, M. Miyamoto-Matsubara, T. Nakano, Hiroshima 
University, Graduate School of Science, Japan 
 
When cells were irradiated with ionizing radiation, proteins are often 
covalently trapped on DNA, forming DNA-protein crosslinks (DPCs). 
DPCs are preferentially formed by irradiation under hypoxic 
conditions. They are also produced by exposure to aldehydes, heavy 
metal ions, ultraviolet light, and anticancer agents. Since immobilized 
proteins are much larger than conventional bulky lesions, DPCs may 
impair many DNA transaction processes due to the steric hindrance 
conferred by immobilized proteins. We have recently shown that 
DPCs are mainly processed by homologous recombination in bacterial 
and mammalian cells.  Although nucleotide excision repair (NER) is 
the principal mechanism to eliminate conventional bulky lesions, it 
works poorly for DPCs in mammalian cells. However, much remains 
to learn about the formation, stability, repair, and biological endpoints 
of DPCs. 
In the present study, we treated human MRC5-SV cells with aldehyde 
compounds, which are known to be potent DPC-inducing agents, and 
analyzed the formation, stability, and repair of DPCs. Cells were 
treated with acrolein (ACR), chloroacetaldehyde (CAA), 
crotonaldehyde (CRA), glutaraldehyde (GA), formaldehyde (FA), and 
trans-2-pentenal (PEN). According to cell survival, the cell killing 
efficacy of aldehydes decreased in the order of CAA > ACR > GA > 
CRA > PEN > FA. Cells were treated with aldehydes at 
concentrations that gave 10% survival (LD10), and genomic DNA 
was isolated. The amount of DPCs was measured by the fluorescence 
labeling and immunological methods. The amount of DPCs 
immediately after treatment was the highest with FA and the lowest 
with PEN, but the amounts of DPCs with the two aldehydes differed 
by only a few fold, suggesting that DPCs produced by the aldehydes 
inactivate cells with a comparable efficiency. 
After aldehyde treatment, DPCs were gradually eliminated from 
genomic DNA with apparent half-lives between 5–8 h in vivo. We 
also measured the half-lives of DPCs in vitro using DNA that had 
been isolated from aldehyde-treated cells. The half-lives in vitro were 
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longer than in vivo by a 2–3 fold. The rates of DPC elimination in 
MRC5-SV and NER-defficient XPA cells were virtually comparable, 
substantiating that NER works poorly for DPCs in human cells. 
 
POS14-23. The effects of neutron irradiation depending on NHEJ 
status.  Shoji Imamichi, Y. Matsumoto, Tokyo Institute of 
Technology, Japan 
 
Among various types of DNA damages, DNA double-strand breaks 
(DSBs) are considered most critical determinant of the fate of the cells 
or organisms exposed to radiation. DSBs are repaired mainly through 
two pathways; non-homologous end joining (NHEJ) and homologous 
recombination. XRCC4 association with DNA-LigaseIV is considered 
one of pivotal molecule in NHEJ pathway. We have demonstrated that 
XRCC4 undergoes are phosphorylated by DNA-PK in response to 
radiation, although biological significance of phosphorylation remains 
to be elucidated. In this study, we examine the effect of nuclear 
reactor irradiation which contains neutron and gamma ray. 
We used murine leukemia L5178Y-derived, XRCC4-deficient cell 
line M10 as the host and introduced empty pCMV10 vector (M10-
CMV), normal XRCC4 cDNA (M10-XRCC4) or mutant XRCC4 
cDNA. Cells were irradiated in Nuclear reactor UTR-KINKI at Kinki 
University. Dose rate of neutron was 19 cGy/h and that of gamma ray 
was 19 cGy/h.  
Radiosensitivity was evaluated by colony forming ability in media 
containing 0.16 % agarose. To measure mutation frequency at HPRT 
(hypoxanthine phosphoribosyl transferase) locus cell were plated in 
media at containing agarose with 5 ng/ml of 6-thioguanine (6-TG). 
The fraction of mutant was increased by approximately 6 - 20 folds in 
multiple experiments. 
The mutant could not be recovered from irradiated M10-CMV. In 
M10-XRCC4, the fraction of mutant was increased by 6~20 folds by 4 
hours of nuclear reactor irradiation. This frequency would be 
equivalent to 10 Gy of X-ray according to an earlier study by others 
on L5178Y (Shiomi et al., 1981). These results suggest that DNA 
damage induced by neutron might be hard to be repaired correctly and 
NHEJ repair of neutron-induced DNA damage might result in 
incorrect repair causing mutation. Further studies ongoing to examine 
effect of DNA-PK inhibitors on mutation frequency and to analyze 
cells expressing mutant XRCC4 lacking phosphorylation sites. 
 
POS14-24. The classical and alternative end-joining pathways for 
DNA double strand break repair in mammalian cells. Elzbieta 
Jagielska1, D. C. van Gent2, P. O'Neill1, M. E Lomax1, 1: University of 
Oxford, UK 2: Department of Cell Biology and Genetics, Erasmus 
MC, UK 
 
Double strand breaks (DSBs) represent a severe form of DNA damage 
and efficient repair of them is critical for the maintenance of genomic 
integrity. In eukaryotic cells, DSBs are repaired through two major 
pathways: homologous recombination (HR) and nonhomologous end-
joining (NHEJ), which consists of at least two distinct sub-pathways: 
the main Ku heterodimer-dependent or ―classic‖ NHEJ (C-NHEJ) 
pathway resulting in minimal DNA end processing, and ―alternative‖ 
or ―backup‖ NHEJ (A-NHEJ or B-NHEJ), which may generate 
microhomology-mediated repair. The core proteins of the NHEJ 
pathway in mammalian cells are DNA end-binding proteins, Ku70 and 
Ku80, DNA protein kinase catalytic subunit (DNA-PKcs), DNA 
ligase IV, DNA repair factor XRCC4, XLF and Artemis. In the 
absence of C-NHEJ components, PARP1 and LigIII/XRCC1 
contribute to DSBs rejoining. Therefore A-NHEJ can substitute for C-
NHEJ during repair of radiation-induced DSBs particularly in cells 
deficient in Ku. The aim of the study is to investigate the role of C-
NHEJ and A-NHEJ in the repair of DSBs in mammalian cells 
deficient in key proteins involved in C-NHEJ. In our study we utilized 
a reporter assay that can distinguish between A-NHEJ and C-NHEJ 
repair events in vivo. Linear plasmids (Ampr) with ligated 
oligonucleotides, designed to contain microhomology sequences in 
close proximity to DSBs, together with reporter plasmid (Kanr) were 
transfected into mammalian cells, recovered 48h after repair and 
transformed into E. coli. The repair efficiency was assessed by 
counting the number of E.coli colonies on ampicilin and kanamycin 
plates obtained after transformation. The relative proportion of C-
NHEJ and A-NHEJ events was assessed by two approaches: digestion 
and sequencing analysis of plasmids isolated from E. coli clones and 
analysis of PCR products across the repaired junctions of plasmids 
rescued from mammalian cells. We demonstrated increased 
involvement of A-NHEJ sub-pathway in DSB processing in cell lines 
lacking key components of C-NHEJ, like Ku, DNA-PKcs and 
XRCC4. In contrast, XRCC1- deficient cells showed lower level of 
alternative end-joining pathway usage then control cells. Studies are 
ongoing to investigate the pathway choice and balance between 
―classic‖ and ―alternative‖ DSB repair in relation to cell cycle.  
 
POS14-25. Identification and quantification of DNA repair 
proteins by liquid chromatography/isotope-dilution tandem mass 
spectrometry using 15N-labeled whole proteins as internal 
standards. Pawel Jaruga, P. Reddy , M. Dizdaroglu, Biochemical 
Science Division, National Institute of Standards & Technology, USA 
 
Reduced DNA repair capacity is associated with increased risk for a 
variety of disease processes including carcinogenesis. Thus, DNA 
repair proteins have the potential to be used as important predictive, 
prognostic and therapeutic biomarkers in cancer and other diseases. 
The measurement of the expression level of these enzymes may be an 
excellent tool for this purpose. Mass spectrometry is becoming the 
technique of choice for the identification and quantification of 
proteins. We applied liquid chromatography/isotope-dilution tandem 
mass spectrometry (LC-MS/MS) for the identification and 
quantification of DNA repair proteins human 8-oxoguanine-DNA 
glycosylase (hOGG1) and E. coli formamidopyrimidine DNA 
glycosylase (Fpg), which are involved in base-excision repair of DNA 
damage. We over-expressed, purified and characterized15N-labeled 
analogs of these proteins to be used as internal standards. 15N-labeled 
whole proteins are ideal internal standards to ensure the accuracy of 
quantification of proteins by mass spectrometry. DNA glycosylase 
activities of 15N-labeled hOGG1 and 15N-labeled Fpg were determined 
and found to be essentially identical to those of their respective 
unlabeled counterparts, ascertaining that the 15N-labeling did not 
perturb their catalytic sites. hOGG1, Fpg and their 15N-labeled analogs 
were digested with trypsin and analyzed by LC-MS/MS. A large 
number of tryptic peptides of both proteins were identified on the 
basis of their full-scan mass spectra. These peptides matched the 
theoretical peptide fragments expected from the trypsin digestion and 
provided statistically significant protein scores that would 
unequivocally identify these proteins. We also recorded the product 
ion spectra (MS/MS spectra) of the tryptic peptides and defined the 
characteristic product ions. Mixtures of the analyte proteins and 
their 15N-labeled analogues as internal standards were analyzed by 
selected-reaction monitoring (SRM) on the basis of the previously 
identified product ions in the MS/MS spectra. The results obtained in 
this work suggest that the methodology developed would be highly 
suitable for the positive identification and accurate quantification of 
DNA repair proteins in vivo as potential biomarkers for cancer and 
other diseases. 
 
POS14-26. The Mechanisms and Biological Roles of Repair of 
Oxidatively Damaged Bases in DNA in the Ascidian Ciona 
intestinalis. Seiji Kato1, K. Hashiguchi2, S. Yonekura3, T. Moriwaki2, 
Q. Zhang-Akiyama2, 1: Graduate School of Science, Kyoto 
University, Japan 2: School of Science, Kyoto University, Japan 3: 
School of Science, Kyoto University/Department of Structural 
Biology, Institute of Molecular and Cellular Biosciences, University 
of Tokyo, Japan 
 
Aerobic organisms live by converting oxygen that is taken in in 
vivo to energy. However,  reactive oxygen species are produced 
during the process of metabolism or by ionizing radiation, and they 
can damage the bases of DNA. The oxidatively damaged bases which 
arise from this induce cell death, and in higher organisms cancer 
formation, while also contributing to the evolution of organisms. All 
oxidized base lesions are removed from DNA by base excision repair 
(BER) initiated by DNA glycosylases.  
Endonuclease III (Nth), one of the DNA glycosylases, mainly excises 
damaged pyrimidine bases. In this study, we have been using the 
ascidian Ciona intestinalis. The reasons for using Ciona 
intestinalis are (1) it can give insights into evolution by comparison 
between ascidians and humans, (2) at every developmental stage, it is 
possible to observe the phenotype of individuals with DNA lesions 
and mutations. Therefore, it is useful as an experimental model. 
The aims of this study are to obtain an overview of the repair 
mechanism of oxidatively damaged bases and to elucidate the main 
functions of BER at various developmental stages. 
Firstly, we found that the amino acid sequence of the Ciona 
intestinalis Nth (CiNth) showed high homology with those of E. 
coli, S. cerevisiae, C. elegans and humans. We also found that two 
domains that are critical regions for activity, the Helix-hairpin-Helix 
domain and 4Fe-4S cluster, are conserved among these organisms. 
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Secondly, we conducted nicking assays to determine whether CiNth 
has a DNA glycosylase activity and trapping assays to determine 
whether CiNth has an AP lyase activity. We used double-stranded 
oligonucleotides containing a thymine glycol, 8-oxoguanine or 5-
formyluracil as DNA substrates. Our results revealed that CiNth is a 
bifunctional glycosylase/AP lyase, like human Nth1 and E. coli Nth. 
Finally, we performed a reporter assay to investigate the CiNth 
expression level at various developmental stages in Ciona intestinalis. 
We will make a spatial and temporal map of CiNth function during 
development.  
 
POS14-27. The link between MRN complex and RAD51. Akihiro 
Kato, K. Komatsu, Kyoto University, Japan 
 
Nijmegen breakage syndrome (NBS) is a rare autosomal recessive 
disorder characterized by growth retardation, immunodeficiency, and 
cancer predisposition. Cells from NBS patients are hypersensitive to 
ionizing radiation and display chromosomal instability. NBS patient 
cells also exhibit the defect in repair of DNA double-strand breaks 
(DSBs) by homologous recombination (HR). The protein product of 
the gene responsible for NBS, NBS1, is a component of the 
MRE11/RAD50/NBS1 (MRN) complex. Because the MRN complex 
has nuclease activity, it has been thought that the MRN complex plays 
a role in the processing of DSBs, the initial step of DSB repair. This 
processing step is required for RAD51-binding to single-stranded 
DNA to start DNA strand exchange reactions. However, molecular 
links between the DNA end-processing step and RAD51-mediated 
steps remain unclear. In the screening of NBS1-interacting proteins, 
we found the physical interaction between RAD51 and NBS1, 
suggesting that the MRN complex has another role in HR, as well as 
processing the DNA ends at the initial step. Here, we show the results 
of domain analysis and functional analysis of this molecular 
interaction. Roles of the MRN complex in HR will be discussed. 
 
POS14-28. A comparison of the roles of XRCC4 and Artemis in 
the cellular response to DNA-damaging agents in human 
cells. Takanori Katsube1, M. Mori1, H. Tsuji1, T. Shiomi1, N. Shiomi2, 
A. Fujimori1, M. Onoda1, 1: National Institute of Radiological 
Sciences, Japan 2: National Institute of Radiological Sciences, Japan 
 
DNA double-strand breaks (DSBs) represent the most serious threat 
among the cellular effects of ionizing radiation (IR). XRCC4 and 
Artemis play key roles in non-homologous end-joining (NHEJ), the 
predominant repair pathway of DSBs, in multicellular eukaryotes. 
XRCC4 is an essential component of DNA ligase IV complex, which 
rejoins broken DNA ends. On the other hand, Artemis is a nuclease 
required for trimming of some, but not all, types of broken DNA ends 
prior to rejoining by the DNA ligase IV/XRCC4 complex. To better 
understand the roles of these factors on risks related to radiation-
induced events in human, we inactivated the XRCC4 and Artemis loci 
by gene targeting in the human colon adenocarcinoma cell line 
HCT116, and assessed their cellular responses to various DNA-
damaging agents including X-rays. As anticipated, kinetic analyses of 
γ-H2AX foci and chromosomal aberrations after IR demonstrated a 
serious incompetence of DSB repair in the XRCC4-deficient cells, and 
relatively moderate impairment in theArtemis-deficient cells. 
The XRCC4-deficient cells were highly sensitive to etoposide and 5-
fluoro-2‘-deoxyuridine as well as IR, and showed moderate 
sensitivities to camptothecin, methyl methanesulfonate, cisplatin, 
mitomycin C, aphidicolin and hydroxyurea, compared to the parental 
HCT116 cells. Meanwhile, consistent with the restricted role of 
Artemis in NHEJ repair system, the Artemis-deficient cells were not 
as sensitive to most of these DNA-damaging agents as the XRCC4-
deficient cells. Nevertheless, the Artemis-deficient cells were 
unexpectedly more sensitive to DNA cross-linking agents, such as 
mitomycin C and cisplatin, than the XRCC4-deficient cells. By 
contrast, the Artemis-deficient cells were significantly more resistant 
to hydroxyurea than the parental cells. These observations suggest that 
Artemis also functions in some DNA damage response pathways other 
than NHEJ in human cells. 
 
POS14-29. Enhanced repair fidelity under non-cycling conditions 
in X-ray irradated fibroblasts accounts for increased potentially 
lethal damage repair but not in high-LET irradiated 
fibroblasts. Tetsuya Kawata1, C. Liu2, N. Shigematsu1, J. Fukada1, Y. 
Furusawa2, H. Ito3, K. George4, F. Cucinotta5, 1: Radiology, Keio 
University, Japan 2: National Institute of Radiological Sciences, Japan 
3: Radiology, Chiba University, Japan 4: Wyle Integ. Sci. & Eng., 
USA 5: Radiation Biophysics, NASA Johnson Space Center, USA 
 
Potentially lethal damage (PLD) and its repair (PLDR) was studied in 
confluent human fibroblasts by analyzing the kinetics of chromosome 
break rejoining and misrejoining in X-ray or high-LET irradiated cells 
that were either held in non-cycling G0 phase or forced to proliferate 
immediately after irradiation. Fusion premature chromosome 
condensation (PCC) methods were combined with fluorescence in situ 
hybridization (FISH) to study chromosomal aberrations in interphase. 
The rejoining kinetics of PCC breaks was similar for each culture 
condition in X-ray or high-LET irradiated samples. However, under 
non cycling conditions misrepair peaked at 0.55 exchanges per cell 3 
hours after exposure, and under cycling conditions a peak of 1.1 
exchanges per cell occurred 6 hours after exposure in X-ray irradiated 
cells. On the other hand, misrejoined breaks were similar for high-
LET irradiated samples under either condition. Since the majority of 
repair in G0/G1 occurs via the Non Homologous End Joining process, 
increased PLDR in X-ray irradiated cells may result from improved 
cell cycle specific rejoining fidelity of the NHEJ pathway, but not the 
case in high-LET irradiated cells. 
 
POS14-30. ATM-dependent down-regulation of USP7/HAUSP by 
PPM1G activates p53 response to DNA damage. Svetlana 
Khoronenkova, I. Dianova, J. Parsons, G. Dianov, Gray Institute for 
Radiation Oncology and Biology, Department of Oncology, 
University of Oxford, UK 
 
The deubiquitylation enzyme USP7 plays a major role in regulating 
genome stability and cancer prevention by controlling the key proteins 
involved in the cellular DNA damage response. USP7 regulates 
cellular levels of Mdm2, p53, the transcription factor FOXO4 and the 
tumor suppressor protein PTEN by preventing proteasomal 
degradation or by regulating their subcellular localization. Deletion of 
USP7 leads to early embryonic lethality mainly due to increased p53 
levels and cell proliferation arrest. Despite such an important role in 
controlling other protein levels, the key question of how USP7 is 
regulated in response to DNA damage remains unanswered. 
Using an in vitro assays employing recombinant 
dephosphorylated/phosphorylated USP7 proteins, the major kinase 
and phosphatase activities involved in Ser18 phosphorylation were 
purified by fractionation of HeLa whole cell extracts over a series of 
chromatographic columns. Casein kinase II (CK2) and protein 
phosphatase 1G (PPM1G) were identified by mass spectrometry and 
proved to modify USP7 at Ser18 in vitro and in vivo. 
Using both assays in a cell free system reconstituted with recombinant 
proteins and in vivo experiments, it was shown that in unstressed cells, 
phosphorylation at Ser18 by CK2 stabilises and activates USP7 and 
thus contributes to Mdm2 stabilisation and down-regulation of p53. 
Intriguingly, it was found that PPM1G, which is present in unstressed 
cells, does not continually dephosphorylate USP7 suggesting that its 
cellular activity, and consequently the USP7 phosphorylation status, 
may be regulated by DNA damage. Following ionizing radiation, level 
of phosphorylated USP7 in primary fibroblasts or colon cancer cells 
was shown to be down-regulated 2-fold followed by a decrease in 
Mdm2 and p53 accumulation. This regulation of USP7 levels was 
confirmed to be accomplished by PPM1G as no USP7 
dephosphorylation was observed in response to IR-induced DNA 
damage in PPM1G-depleted cells. It was also proved that ablation of 
the ATM kinase abolishes USP7 dephosphorylation in response to IR, 
suggesting that ATM-dependent phosphorylation of PPM1G is 
required for its activation. 
Collectively, these results provide a novel mechanism as to how the 
DNA damage signal is quantitatively transmitted from ATM to USP7 
to coordinate p53-dependent DNA damage response. 
 
POS14-31. Effect of pprI mutation on global transcriptional 
profiles in Deinococcus radiodurans. Dongho Kim, S. Lim, M. Joe, 
Korea Atomic Energy Research Institute, South Korea 
 
PprI is known as an important regulatory protein responsible for 
radiation resistance in Deinococcus radiodurans. In this study, we 
constructed a D. radiodurans R1 pprI disruptant, KDH001, and 
monitored its global transcriptional profiles along with those of wild-
type cells in response to gamma radiation in order to identify genes 
regulated by PprI. When comparing the transcriptomes from 
exponentially grown wild type and KDH001 cells without irradiation, 
mutation in pprI affected the expression of 137 genes by more than 
two fold. Among them, the expression of 118 genes 
including recA and ddrABCDO were reduced while 19 genes 
including pprI and acb showed an increased expression. Time-course 
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global gene expression profiling after 30, 60, and 120 min of post-
irradiation (2 kGy) showed that 266 genes were differentially 
expressed by more than two fold in response to the gamma radiation 
for at least one point in time. Gene expressions of various gene groups 
were affected by pprI mutation. In particular, the gene group 
designated as DNA metabolism showed a constant down-regulation 
indicating a positive regulation by PprI. Additionally, expressions of 
most DNA damage responsive (ddr) genes were highly affected. The 
down-regulation ofddrABCDNO was observed at all points in time, 
whereas ddrFJKP showed an up-regulation for at least one point in 
time. According to the microarray data and qRT-PCR 
results, pprI mutation triggered a consistent up-regulation. Moreover, 
the gamma ray irradiation increased its expression more than that of 
the wild type cells. The expression pattern of pprI indicates an 
autoregulation or presence of an upper regulatory protein. Many genes 
functioning in mobile and extrachromosomal element were up 
regulated at all points in time, indicating that mutation in pprI creates 
a stressful condition. Ten genes required for protein synthesis were up 
regulated after 60 min of post-irradiation, whereas three genes 
encoding serine protease were down-regulated, indicating the 
involvement of PprI in protein synthesis for recovery processes. 
Conclusively, these data defined PprI regulon and support the idea 
that PprI functions as a master regulator for radiation resistance, 
particularly in DNA repair. 
 
POS14-32. Nucleolin participates in MDC1-related DNA damage 
response. Junya Kobayashi, H. Fujimoto, K. Komatsu, Kyoto 
University Radiation Biology Center, Japan 
 
H2AX is an important factor for chromatin remodeling to facilitate 
accumulation of DNA damage-related proteins at DNA double-strand 
break (DSB) sites. In order to further understand the role of H2AX in 
the DNA damage response (DDR), we attempted to identify H2AX-
interacting proteins by proteomics analysis. As a result, we identified 
nucleolin as one of candidates. Here, we show a novel role of a major 
nucleolar protein, nucleolin, in DDR. Nucleolin interacted with 
endogenous gamma-H2AX and accumulated to laser micro-irradiated 
DSB damage sites. Nucleolin-depleted cells exhibited repression of 
both ATM-dependent phosphorylation following exposure to gamma-
ray and subsequent cell cycle checkpoint activation. Furthermore, 
nucleolin-knockdown reduced HR and NHEJ activity and showed the 
decreased in IR-induced chromatin accumulation of HR/NHEJ factors, 
agreeing with the delayed kinetics of gamma-H2AX focus. Moreover, 
nucleolin-knockdown decreased MDC1-related events such as focus 
formation of 53BP1, RNF168, phosphorylated ATM, and H2A 
ubiquitination. Taken together, nucleolin could promote both ATM-
dependent cell cycle checkpoint and DSB repair by functioning in an 
MDC1-related pathway. 
 
POS14-33. FANCD1/BRCA2 plays predominant role in the repair 
of DNA damage induced by ACNU or TMZ. Natsuko Kondo, A. 
Takahashi, E. Mori, T. Noda, M. Z. Zdzienicka, L. H. Thompson, T. 
Helleday, . Minoru Suzuki, Y. Kinashi, S. Masunaga, K. Ono, M. 
Hasegawa, T. Ohnishi, Research Reactor Institutes, Kyoto University, 
Japan  
 
Nimustine (ACNU) and temozolomide (TMZ) are DNA alkylating 
agents which are commonly used in chemotherapy for glioblastomas. 
ACNU is a DNA cross-linking agent and TMZ is a methylating 
agent.  The therapeutic efficacy of these agents is limited by the 
development of resistance.  In this work, the role of the Fanconi 
anemia (FA) repair pathway for DNA damage induced by ACNU or 
TMZ was examined.  Cultured mouse embryonic fibroblasts were 
used: FANCA-/-, FANCC-/-, FANCA-/-C-/-, FANCD2-/- cells and their 
parental cells, and Chinese hamster ovary and lung fibroblast cells 
were used: FANCD1/BRCA2mt,FANCG-/- and their parental cells. Cell 
survival was examined after a 3 h ACNU or TMZ treatment by using 
colony formation assays. All FA repair pathways were involved in 
ACNU-induced DNA damage.  However, FANCG and 
FANCD1/BRCA2 played notably important roles in the repair of 
TMZ-induced DNA damage.  The most effective molecular target 
correlating with cellular sensitivity to both ACNU and TMZ 
wasFANCD1/BRCA2.  In addition, it was found 
that FANCD1/BRCA2 small interference RNA efficiently enhanced 
cellular sensitivity toward ACNU and TMZ in human glioblastoma 
A172 cells.  These findings suggest that the down-regulation 
of FANCD1/BRCA2 might be an effective strategy to increase cellular 
chemo-sensitization towards ACNU and TMZ. 
  
POS14-34. Reduced level and defective protein-protein interaction 
of DNA-PKcs in a radiosensitive cell line LB5. Susan Loong, S. 
Fong Yap, C. Shiao Kee Boo, National Cancer Centre Singapore, 
Singapore 
 
Purpose and objectives: To understand molecular mechanisms 
underlying radiation necrosis, EBV-immortalized lymphoblastoid cell 
lines were established from healthy and radiosensitive individuals. 
Amongst these, LB5 was from a patient with cervical carcinoma at 
age 40 and a recto-vaginal fistula 2 years post-RT. We have 
previously shown that LB5 was radiosensitive in vitro, with reduced 
fast-phase DNA-DSB (double-strand break) rejoining, suggesting 
defective non-homologous end-joining (NHEJ) in these cells. In an in 
vitro real time PCR quantified DNA-end joining assay, LB5 cells 
exhibited higher rates of end-joining of non-cohesive DNA-ends 
but sequencing of the end-joined products revealed that the process is 
error-prone with higher frequency of deletions compared to control 
cells. 
Methods and Results: By a gel-based in vitro assay, using EcoRV 
digested pCDNA3 as substrate, the rate of end-joining by LB5 was 
greater than for control cell line SNC3. On immuno-depleting LB5 
cell free extract, with DNA-PKcs antibody, of the majority of the 
other known NHEJ factors, the immuno-depleted extract now joined 
the plasmid DNA ends at a reduced rate compared to itself and to 
SNC3. However, when the depleted LB5 extract was mixed with 
SNC3 extract, the end-joining rate was higher than that of SNC3 
alone. 
The expression of the known NHEJ factors in LB5 (by western 
blotting) was present in the same quantity as SNC3, apart from DNA-
PKcs, which was reduced. There was no significant variation in  the 
coding sequences of the cDNA of all the NHEJ factors in LB5 - in 
particular, the DNA-PKcs sequence was exactly the same as SNC3. 
 We tested the in vitro kinase activity of LB5 using anti-
phosphoserine2056 DNA-PKcs antibody - this was reduced in LB5. 
To test if there were other phosphorylation defects, we used anti-
phospho-threonine and anti-phospho-threonine glutamine/serine 
glutamine antibodies and found that a phospho-protein of about 50 
kDa was not phosphorylated in LB5.Taken together we wondered if 
the DNA-PK function was reduced in the presence of wild type cDNA 
sequences because of a defect in protein-protein interactions. Using a 
known interacting partner as bait, we were able to pull down DNA-
PKcs in SNC3 but not LB5. 
Conclusion: The cellular phenotype of LB5 may be related to a defect 
in protein-protein interaction of DNA-PKcs. 
 
POS14-35. DNA polymerase μ rapidly accumulates at DNA 
double-strand breaks in living cells. So Maezawa, M. Hirata, O. 
Koiwai, T. Matsumoto, Dept. of Appl. Biol. Sci., Fac. of Sci. and 
Tech., Tokyo Univ. of Sci., Japan 
 
NHEJ factors rapidly recruit to the DSBs. However, it has not been 
clarified how pol μ recruits to the DSBsin vivo. We report here the 
detailed mechanism of pol μ‘s recruitment to the DSBs. 
We first observed pol μ at DSBs in living cells after laser micro-
irradiation. pol μ accumulated at DSBs immediately after irradiation. 
By photo-bleaching and photo-conversion techniques, we found that 
pol μ exchanges between the DSBs and the nucleoplasm within a few 
seconds. Furthermore, pol μ accumulated at DSBs independently of 
Ku80. These observations are quite different from those of Ku80-
interacting NHEJ core factors, i.e., Ku70, DNA-PKcs (DNA-
dependent protein kinase), XRCC4, and XLF (XRCC4-like factor), 
which Ku80-dependently accumulate at DSBs. Whereas the N-
terminal region of pol μ containing BRCT domain, which binds to 
Ku80, Ku80-dependently accumulated at DSBs, the C-terminal pol β-
like region of pol μ Ku80-independently accumulated at DSBs. The 
pol β-like region of pol μ contains DNA-binding motif HhH (Helix-
hairpin-Helix) and PCNA-interacting motif (PIM)-like region. Both of 
them retained the ability of accumulating at DSBs. Biochemical 
analyses showed that γ-ray irradiation stimulates pol μ-PCNA 
interaction and the interaction is sensitive to ethidium bromide, 
suggesting that dsDNA affects on the pol μ-PCNA interaction. 
Our studies show that pol μ recruites to DSBs at the first step during 
the NHEJ process and three functional domains in pol μ individually 
have abilities to accumulate at DSBs after irradiation. 
 
POS14-36. Real time studies of DNA repair kinetics following low 
LET short-pulse electron radiation . Carlos Daniel Martins, P. 
Reynolds, J. Anderson, I. Tullis, P. Barber, B. Vojnovic, P. O'Neill, 




Radiation-induced damage to genomic DNA can lead to severe errors 
in transcription and replication and, if not repaired correctly, may lead 
to mutations, genomic instability and cell death. Understanding these 
radiation-induced changes to DNA in tumour cells and identification 
of potential targets are important in the treatment of cancer by 
radiation.Near real time dynamics of proteins recruited in response to 
DNA damage within mammalian cells has previously been 
investigated using laser microbeams; such irradiations however induce 
a plethora of complex DNA damage (including UV damage, base 
damage, SSBs and DSBs). We have developed an arrangement based 
on a 6 MeV electron pulse linear accelerator coupled to an inverted 
epifluorescence, automated, time-lapse microscope imaging system. 
An integrated robotic system is used to transition remotely and 
repetitively custom-designed sample dishes between irradiation and 
imaging locations. This will enable the study of DNA repair kinetics 
in living mammalian cells under physiological conditions immediately 
following damage induction with (sub) microsecond electron pulses, 
where the ionising radiation LET is comparable to that used in the 
majority of radiotherapy clinics.Following the development of the 
linear accelerator and associated imaging devices, we have carried out 
preliminary investigations using 53BP1, an established biomarker of 
radiation-induced DNA damage. Our arrangement irradiates ~100 
mm2 using a horizontal beam. The dose distribution across the sample 
is in agreement with depth-dose expectations and correlates with foci 
formation associated with DNA damage.The use of short, high dose 
rate, single pulses of radiation coupled with techniques to visualise 
and follow in real time recruitment of proteins to damage sites, in 
large numbers of mammalian cells, will contribute to a better 
understanding of the DNA repair mechanisms under physiological 
conditions. In the longer term, we envisage this arrangement to 
complement studies of cell responses to high LET particle beams.This 
work has been supported by Cancer Research UK (C5255/A12678 
and C5255/A9194) and Medical Research Council (G070030). 
 
POS14-37. DNA damage tolerance and molecular mechanism of 
PCNA ubiquitination. Yuji Masuda, M. Suzuki, K. Kamiya, 
RIRBM, Hiroshima University, Japan 
 
DNA is continuously insulted by not only endogenous metabolic 
products but also low levels of ionizing radiation and a wide variety of 
chemicals.  Low levels of DNA damage does not disturb cell division 
cycles.  Since DNA lesions usually inhibit DNA synthesis, cells have 
evolved mechanisms to restore stalled replication and complete 
duplication of damaged DNA.  One of such mechanisms is translesion 
DNA synthesis (TLS), which can extend primer ends by specialized 
TLS polymerases using damaged DNA as templates.  In eukaryotes, 
RAD6-RAD18 (E2-E3 complex) has an activity to mono-ubiquitinate 
PCNA.  The modification of PCNA stimulates TLS through 
recruitment of TLS polymerases.  However, this possess generally has 
risk of mutagenesis because of utilizations of damage templates and 
low fidelity TLS polymerases.  Another mechanism, template 
switching (TS), could also rescue the stalled replication in which the 
stalled primer end could be annealed to the newly synthesized 
daughter strand.  This possess is stimulated by polyubiquitination of 
PCNA with additional factors such as MMS2-UBC13 (ubiquitin E2 
variant-E2 complex) and HLTF (E3).  Since TS is essentially error-
free because of utilizations of non-damaged templates and high-
fidelity DNA polymerases, regulation of TS pathway seems to be 
important to prevent mutagenesis and confer damage tolerance.  To 
analyze molecular mechanisms of its regulation, we reconstituted 
PCNA-ubiquitination reactions in vitro using recombinant human 
proteins, and show evidence of a novel molecular mechanism for 
PCNA-ubiquitination. 
 
POS14-38. Selective inhibition of DNA-PK by a hypoxia activated 
prodrug. Andrew Minchinton, BC Cancer Research Centre, Canada 
 
The purpose of the study was to evaluate a DNA-PK inhibitor 
designed to sensitize hypoxic cells to ionizing radiation. 
Hypoxia is a common feature of solid tumours imparting overall 
resistance to radiotherapy. Hypoxic cells can be sensitized to IR by 
inhibition of DNA-dependent protein kinase (DNA-PK), a 
holoenzyme that is a central component of non-homologous end 
joining (NHEJ), one mechanisms responsible for repair of DNA 
double-strand breaks (dsb‘s). 
We have developed a bioreductively activated prodrug that releases a 
DNA-PK inhibitor. Cell suspensions of human non-small cell lung 
carcinoma (NSCLC) H460 cells and mouse liver microsomes were 
used to investigate cofactor requirements, metabolic kinetics and 
oxygen dependence on prodrug bioreduction. Using the resazurin 
assay the modulation of radiosensitivity of HeLa cells was examined 
under hypoxic and aerobic  conditions. Clonogenic assays with H460 
cells were performed to assess cytotoxicity and preclinical 
pharmacokinetics were studied in C3H/HeN mice following single i.p. 
administrations. 
Microsomal reduction was enhanced significantly under hypoxic 
conditions and was found to be NADPH dependent. H460 cells 
reduced the compound with maximal release of the DNA-PK inhibitor 
at <0.2% O2. Clonogenic survival confirmed the compound selectively 
radiosensitized hypoxic H460 cells. Murine in vivo studies revealed 
peak plasma concentration occurring 30 min following i.p. 
administration with an elimination half-life of ~ 30 min. 
Our results suggest that targeting the DNA repair capacity of hypoxic 
cells is a practical new anticancer drug strategy. 
 
POS14-39. IA-6, an indazole analog of Hycanthone, a more 
efficient direct inhibitor of Apurinic Endonuclease 1(APE1), than 
Lucanthone/ Hycanthone, is also less toxic. Mamta Naidu, P. 
Chaudhary, Z. Sanchez, Brookhaven National Laboratory, USA 
 
IA-6, a des-chloro indazole analogue of hycanthone was first 
synthesized during attempts to segregate Predominantly, IA-6 has 
been used as a free base and found to be more mutagenic than 
Lucanthone/ Hycanthone at 20-40 µM concentration. Lucanthone and 
its active metabolite hycanthone are both well known thioxanthenone 
DNA intercalators used in the 1980s as antitumor agents. Lucanthone 
is in Phase I clinical trial without any reports of drug-related death or 
lasting side effects, whereas hycanthone was pulled out of Phase II 
clinical trials due to severe hepatotoxicity. Our studies confirmed that 
lucanthone inhibitedbase excision repair (BER) enzyme apurinic 
endonuclease 1 (APE1) without affecting its redox activity. We 
further showed that this inhibition was due to direct interaction 
between lucanthone/ Hycanthone and the hydrophobic site of Ape1, 
which overlaps with active site of its endonuclease activity.  Our goal 
is to decipher this direct mechanism of inhibition and scout 
for/synthesize other thioxanthenone analogues for higher APE1 
inhibitory activity with lower toxicity, so their potential as 
countermeasures for tumor therapy can be elucidated. Our results 
show that like lucanthone/ Hycanthone IA-6 is a good radio sensitizer 
for glioma cell lines, we find that glioma cells show cleavage of APE1 
in the presence of increasing concentrations of lucanthone/ 
hycanthone and IA-6. In addition, lucanthone-treated recombinant 
APE1 also showed peptide cleavage and reduction in its endonuclease 
activity. Our data also indicate that oxidative damage may be one of 
the mechanisms of lucanthone/ hycanthone/ IA-6 -induced direct 
cleavage of APE1 as this cleavage is inhibited by TRIS, DMSO and 
Ascorbic acid. Finally, this research will help guide future design of 
clinically efficacious thioxanthenone analogues, which would bind 
and alter the hydrophobic site of APE1 protein. 
 
POS14-40. ChIP-Seq genome-scale analysis of gamma-H2AX 
induced by X-rays or heavy ions. Francesco Natale1, A. Rapp2, A. 
Gogol-Doering3, W. Chen3, M. Durante4, G. Taucher-Scholz4, M. 
Cristina Cardoso2, 1: FIAS - Frankfurt Institute for Advanced Sciende, 
Germany 2: TUD - Technische Universitaet Darmstadt, Germany 3: 
MDC - Max Delbrueck Center Berlin, Germany 4: GSI - Gesellschaft 
für Schwerionenforschung mbH Darmstadt, Germany 
 
After exposure to ionizing radiation (IR), the DNA damage response 
is activated and the DNA double strand break (DSB) marker 
phosphorylated histone H2A.X (gamma-H2AX) is produced. Despite 
gamma-H2AX being extensiely studied, the distribution of such 
histone modification in the context of chromatin density 
(euchromatin/heterochromatin) remains unclear. Heavy ions are used 
at GSI as a tool to study DNA repair processes and chromatin 
structure dynamics. Using next generation sequencing technologies, 
we aim to provide a genome-scale sequence-based map of gamma-
H2AX signature induced by different types of IR (X-rays, heavy ions). 
Moreover, by multi-parametric characterization (e.g. histone 
modifications, GC%, repetitive sequences) of chromatin domains, we 
aim to investigate the effects of chromatin density on IR-induced 
gamma-H2AX distribution and DNA repair kinetics. 
gamma-H2AX was induced in unsynchronized human hepatocellular 
carcinoma cells (HepG2) by exposure to 10 Gy X-rays (250 kV, 16m 
A) and nickel ions (1 GeV/n,  175 keV/µm). Samples were incubated 
for 0.5 and 3 hours to allow the propagation of gamma-H2AX and the 
progress of DNA repair, respectively. Chromatin immunoprecipitation 
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was performed to select gamma-H2AX-enriched chromatin fractions. 
gamma-H2AX-chromatin-associated DNA was then sequenced using 
next generation sequencing technologies (ChIP-Seq) and aligned to a 
reference genome. The output data was finally subjected to multi-
parametric bioinformatic analysis. 
Results of our genome-scale analysis will be presented and their 
implications for DNA damage susceptibility and repair kinetics 
throughout the genome and correlation with chromatin 
structure/markers will be discussed. 
Taking advantage of the high throughput next generation sequencing 
technology, we are able to provide a precise genome-scale sequence-
based map of IR-induced gamma-H2AX. Moreover, by multi-
parametric characterization of chromatin domains (e.g. various states 
of compaction), our current investigation provides new insight in 
chromatin structure dynamics and DNA repair processes. 
 
POS14-41. Comparison of RBE Values of High- LET -particles 
for the Induction of DNA-DSBs, Chromosome Aberrations and 
Cell Reproductive Death. Franken Nicolaas, LexoR, AMC, 
Netherlands 
 
Introduction: Various types of radiation effects in mammalian cells 
have been studied with the aim to predict the radiosensitivity of 
tumours and normal tissues, e.g. DNA double strand breaks (DSB), 
chromosome aberrations and cell reproductive inactivation. However, 
variation in correlations with clinical results has reduced general 
application. An additional type of information is required for the 
increasing application of high-LET radiation in cancer therapy: the 
Relative Biological Effectiveness (RBE) for effects in tumours and 
normal tissues. Relevant information on RBE values might be derived 
from studies on cells in culture. 
Methods: To evaluate relationships between DNA-DSB, chromosome 
aberrations and the clinically most relevant effect of cell reproductive 
death, for ionizing radiations of different LET, dose-effect 
relationships were determined for the induction of these effects in 
cultured SW-1573 cells irradiated with gamma-rays from a Cs-137 
source or with a-particles from an Am-241 source. RBE values were 
derived for these effects. Ionizing radiation induced foci (IRIF) of 
DNA repair related proteins, indicative of DSB, were assessed by 
counting gamma-H2AX foci. Chromosome aberration frequencies 
were determined by scoring fragments and translocations using 
premature chromosome condensation. Cell survival was measured by 
colony formation assay. Analysis of dose-effect relations was based 
on the linear-quadratic model. 
Results: Our results show that, although both investigated radiation 
types induce similar numbers of IRIF per absorbed dose, only a small 
fraction of the DSB induced by the low-LET gamma-rays result in 
chromosome rearrangements and cell reproductive death, while this 
fraction is considerably enhanced for the high-LET alpha-radiation. 
Calculated RBE values derived for the linear components of dose-
effect relations for gamma-H2AX foci, cell reproductive death, 
chromosome fragments and colour junctions are 1.0 ± 0.3, 14.7± 5.1, 
15.3 ± 5.9 and 13.3 ± 6.0 respectively. 
Conclusions: These results indicate that RBE values for IRIF (DNA-
DSB) induction provide little valid information on other biologically-
relevant end points in cells exposed to high-LET radiations. 
Furthermore, the RBE values for the induction of the two types of 
chromosome aberrations are similar to those established for cell 
reproductive death. This suggests that assays of these aberrations 
might yield relevant information on the biological effectiveness in 
high-LET radiotherapy. 
 
POS14-42. Inhibition of DNA-PK and its effect on fractionated 
irradiation of normal and cervical cancer cells. Eva Novotná1, F. 
Karolina2, L. Emilie, CSc.3, V. Jirina, CSc.1, R. Martina, PhD.2, 1: 
University of Defence, Faculty of Military Health Science, Czech 
Republic 2: Faculty of Medicine in Hradec Kralove, Charles 
University in Prague, Czech Republic 3: Institute of Biophysics, 
Academy of Sciences of the Czech Republic, Brno, Czech Republic 
 
Objective: Radiotherapy has been one of the most effective tools used 
for treatment of cervical cancer. It appears that differences in 
radiosensitivity of tumors are often associated with the ability to repair 
the DSBs (double-stranded breaks). The non-homologous end joining 
(NHEJ) proteins DNA-PKcs and Ku 70, Ku 80 have a major role in 
repairing DNA lesions. The aim of this study was to analyze 
reparative ability of HeLa cells influenced by fractionated irradiation 
(IR) in the presence of specific inhibitor of DNA-PK, NU 7441. For 
comparison, we analyzed reparative ability of normal human dermal 
fibroblasts (NHDF), which are equally exposed to IR during 
radiotheraphy. Methods: HeLa cells and NHDF were irradiated with 
single doses of 2 and 8 Gy, and with fractionated doses of 2 x 2, 3 x 2, 
4 x 2 Gy at intervals of 24 h. Cells were divided into 2 groups: without 
inhibitor and treated by 1 µmol/l NU 7441. Clonogenic survival assay 
was carried out and expression of IRIF (ionizing radiation inducing 
foci) has been evaluated immunocytochemically by visual counting of 
γH2AX-MDC1 co-localisations.   Results:  Phosphorylated histone 
H2AX and protein MDC1 co-localize soon after IR in site of DSB. 1 h 
after IR the dose of  2 Gy led to production of a large number of small 
IRIF, which were rapidly repaired 24 h after IR. Repair of DSBs after 
2nd, 3rd and 4th dose was slower and, 24 h after IR, we observed more 
IRIF. In case of addition of  NU7441 2 h before IR, we observed 
increase in number of cells with larger, unrepaired IRIF, 24 h after 
3rd and 4th  dose. This kind of cells do not further divide and die later 
after IR. Inhibition with NU 7441 sensitized cells to IR much more 
than IR alone and larger IRIF were observed even after 1st dose of 2 
Gy. After 4th dose most of cells died.Conclusions: We conclude that 
inhibition of DNA-PK with small-molecule inhibitor NU 7441 has 
radiosensitizing effect on HeLa cells. 
 
POS14-43. Experimental and theoretical study of the induction 
and repair of DNA damage following acute and split-dose 
irradiations. Giacomo Maria Pirovano1, L. Giovanni Mariotti1, A. 
Ottolenghi1, K. M. Prise2, G. Schettino2, 1: Università di Pavia, 
Dipartimento di Fisica Nucleare e Teorica & INFN, Pavia. Italy 2: 
Centre for Cancer Research and Cell Biology, Queen‘s University, 
Belfast, UK 
 
The cellular response to radiation is known to be affected by the rate 
at which the dose is delivered either via changes in dose-rate or 
fractionation. There is however a lack of experimental data and 
models to determine the DNA repair dynamics of cells exposed to 
multiple irradiations. This may be of relevance for radiotherapy 
applications in order to optimize fractionation modalities. This study 
aims to investigate the response of a cell system perturbed by an initial 
irradiation event to subsequent radiation insults using γ-H2AX 
immunofluorescence assay. Response is expected to vary as a function 
of the time lapse between the exposures, because of the status of the 
repair mechanisms triggered by the first exposure. 
Normal human fibroblasts (AG01522) were irradiated with 225 
keVp X-rays at a dose rate of 0.591 Gy/min.  Except for the 
irradiation, cells were kept in an incubator at 37°C, 5% of CO2, 95% 
of humidity conditions and fixed at various times post irradiation up to 
24 h.  Split dose experiments were made by delivering doses of 1 Gy 
at different time lapses: 20 min, 1 h, 2 h, 5 h. Samples were stained 
using conventional immunofluorescence technique and scored 
manually using an ApoTome fluorescence microscope (x100 
objective) in order to accurately count foci throughout the whole cell 
nucleus. Around 100 cells per time point were scored. 
The DNA damage repair kinetics for the acute exposures presents a 
peak at around 30 minutes after the irradiation with ~20-25 foci/Gy. 
Subsequent irradiations cause similar peaks although the number of 
foci per cell was found to decrease with increase the time interval 
between the two radiation doses.  A model, which describes the 
induction and the disappearance of the foci, was used to interpret the 
kinetics responses. The data analysis revealed very similar repair 
kinetics for the foci induced by the second dose, despite the different 
time lapse and dose range between the first and the second exposures. 
These preliminary indications appear to indicate that, at least with 
these doses and  time intervals, the repair system is not accelerated in 
a system perturbed by an initial irradiation.  
This work was partially supported by the European Commission (EC 
Contract FP6 EURATOM project ‗‗NOTE‘‘ and FP 7 EURATOM 
project ―EPIRADBIO‖ and ―DOREMI‖) 
 
POS14-44. DNA double-strand breaks and repair investigated by 
automated γ-H2AX foci analysis. Martyna Polok, R. Zabold, V. 
Meineke, H. Scherthan, Bundeswehr Institute of Radiobiology 
affiliated to the University of Ulm, Germany 
 
We investigate the capability of automated systems to record DNA 
double strand breaks in human leukocytes caused by in vitro exposure 
of whole blood to ionizing radiation. 
The DNA double strand breaks (DSBs) are a consequence of ionizing 
irradiation exposure and are visualised by immunostaining, as this 
DNA damage leads to phosphorylation of highly conserved serine 139 
on the histone H2AX isoform (γ-H2AX). This feature and the 
accumulation of 53BP1 DNA damage protein allow us to analyze the 
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occurrence of the DSBs with the γ-H2AX foci assay1 after exposure to 
X-ray irradiation between 0Gy and 4Gy. 
The aim of our study is to establish a correlation between the number 
of γ-H2AX foci and the radiation dose using fluorescence microscopy. 
Moreover, we analyse the time decay of the foci in order to investigate 
the speed of the DNA repair mechanisms and possible applicability of 
the automated γ-H2AX assay for rapid dose reconstruction. 
The detection of γ-H2AX foci and the evaluation of data are usually 
performed by manual enumeration. Here we use the semi-automatic 
Metafer fluorescence microscope system (MetaSystems).  For fast 
diagnostic application of the method in radiation accident scenarios, 
we aim to develop rapid foci acquisition and analysis using a x40 
objective and a corresponding Metafer software package. 
Furthermore, in order to ensure exact data acquisition and evaluation, 
we verify our results by comparing them with previously established 
x63 Metafer settings2. 
We will present results on rapid analysis of the induction and repair of 
DNA DSBs in irradiated peripheral leukocytes. 
1 Löbrich et al., Cell Cycle 2010, 9:662-6692 Scherthan et 
al., Wehrmed. Mschr. 2008, 52:5-8 
 
POS14-45. Effects of low dose ionizing radiation on the DNA 
repair system in a human skin 3D model. Walid Rachidi1, H. 
Jerome2, D. Odile3, D. Michel4, 1: CEA / UJF, France 2: CEA 3: 
Hospices Civils de Lyon 4: IRBA, France 
 
Introduction: The effects of low-doses of ionizing radiation in humans 
are of growing concern, especially in the context of current radiation 
techniques such as medical imaging. The biological response of 
healthy tissue to low dose of 1-10 cGy in vivo is largely unknown. 
Moreover, Knowledge of cellular responses in tissue 
microenvironment is crucial for the accurate prediction of human 
health risks following chronic or acute exposure to ionizing radiation. 
Because skin is the first target of the body upon exposure to radiation, 
we propose to explore the potential biological effect of low-doses of 
ionizing radiation first on isolated human skin cells in monolayered 
culture and for the first time in three-dimensional (3D) artificial 
human skin tissue then in different skin models 
Objectives: In this project, we propose firstly to study the effects (long 
and short-term) of low-doses on cell proliferation, apoptosis, and 
capacity to obtain a cohesive and stratified epidermis after irradiation. 
Secondly, we will evaluate the carcinogenesis risk by measuring the 
modulation of the DNA repair/damage systems after low-dose 
exposure. 
Methods: For short-term radiosensitivity, cell viability was determined 
by MTT assay after 24, 48 and 72 h post irradiation, we also 
performed an in vivo colony-forming assay, which measures the 
radiation toxicity after 2 weeks.  DNA repair system and damage was 
assessed by different techniques available in our laboratory (DNA 
repair chips, modified comet assay …). Finally, organogenesis 
potential was determined by the capacity of normal exposed 
keratinocytes to form a pluristratified epithelium in 3D organotypic 
cultures 
Results and conclusions: We showed that low-dose of ionizing 
radiation increases 2 fold the oxidative DNA damage without any 
activation of the base excision repair pathway, an important pathway 
to repair oxidative DNA damage. Moreover, we showed that low-dose 
affects the organogenesis potential of keratinocytes and impairs the 
proliferation-differentiation balance in the reconstructed skin. We 
postulate that when the dose or dose rate is very low the radiation 
damage sensors (ATM or ATR) are not activated, and the repair 
machinery is not induced. Hence damage could be accumulated in the 
genome of a cell until eventually it become malignant. 
 
POS14-46. The role of C-NHEJ in the repair of simple and 
complex DSBs. Pamela Reynolds1, S. Botchway2, A. Parker2, P. 
O'Neill1, 1: Gray Institute for Radiation, Oncology and Biology, 
Department of Oncology, University of Oxford, UK 2: Central Laser 
Facility, UK 
 
Exposure of mammalian cells to ionising radiation induces DNA 
damage, the complexity of which is related to the ionisation density of 
radiation; low and high LET radiation induces 30% and 90% complex 
damage respectively. The most deleterious lesions induced within the 
DNA are double strand breaks (DSBs). In mammalian cells, non-
homologous end joining (NHEJ) is the most prevalent DSB repair 
pathway. Previously we have used ultrasoft X-rays (USX) and NIR 
multiphoton laser microbeam irradiation to investigate the repair of 
simple and complex damage by classical NHEJ (C-NHEJ). Using 
USX and NIR laser irradiation we have investigated the real time 
repair kinetics of damage using XRCC4-GFP (a downstream 
component of C-NHEJ). We have also used chemical inhibition of key 
proteins in back-up NHEJ (B-NHEJ) and histone de-acteylation 
(HDAC) to study the contribution of B-NHEJ and chromatin state on 
the repair kinetics of C-NHEJ. 
Following NIR laser microbeam irradiation, XRCC4-GFP is recruited 
in <1 min to sites of DNA damage. At 1 h, XRCC4-GFP fluorescence 
levels decrease to ~15% of the maximum, faster than that previously 
shown for Ku80-EGFP (a gift from D. van gent) and DNA-PKcs-YFP 
(a gift from D. Chen) where background fluorescence levels are 
observed at 2 h. Higher NIR laser powers and USX doses are required 
to visualise XRCC4-GFP when compared to Ku80-EGFP. Following 
USX irradiation, Ku80-EGFP is rapidly recruited to sites of induced 
DNA damage in cells +/-PARP inhibitor, which should suppress B-
NHEJ. The real time kinetics of recruitment and loss of Ku80-EGFP 
and DNA-PKcs-YFP is similar in both control and PARP inhibited 
cells consistent with the NIR laser studies. The role of chromatin on 
the real time repair kinetics have also shown that Ku80-EGFP and 
DNA-PKcs-YFP repair kinetics are unaffected when HDACs are 
inhibited leaving the chromatin in an open state.    
It is concluded that ligation of DSBs during C-NHEJ occurs with fast 
repair kinetics. Inhibition of the B-NHEJ has little effect on C-NHEJ 
suggesting that B-NHEJ does not compete with Ku70/80 for the repair 
of promptly formed simple and complex DSBs. This is consistent with 
previous studies suggesting B-NHEJ does not significantly contribute 
to DSB repair when C-NHEJ is proficient. Finally, HDAC has no 
effect on DSB repair involving Ku80-EGFP and DNA-PKcs-YFP 
during C-NHEJ. 
 
POS14-47. Beyond repair foci: DNA double-strand break repair 
in euchromatic and heterochromatic compartments. Claudia 
Ruebe, Y. Lorat, S. Schanz, N. Schuler, C. Ruebe, Radiation 
Oncology, Saarland University, Germany 
 
Purpose: DNA double-strand breaks (DSBs) generated by ionizing 
radiation pose a serious threat to the preservation of genetic and 
epigenetic information. The known importance of local chromatin 
configuration in DSB repair raises the question of whether breaks in 
different chromatin environments are recognized and repaired by the 
same repair machinery and with similar efficiency. An essential step 
in DSB processing by non-homologous end joining is the high-affinity 
binding of Ku70-Ku80 and DNA-PKcs to double-stranded DNA ends 
that holds the ends in physical proximity for subsequent repair. 
Methods and Materials: Using transmission electron microscopy to 
localize gold-labeled pKu70 and pDNA-PKcs within nuclear 
ultrastructure, we monitored the formation and repair of actual DSBs 
within euchromatin (electron-lucent) and heterochromatin (electron-
dense) in cortical neurons of irradiated mouse brain. 
Results: While DNA lesions in euchromatin (characterized by two 
pKu70-gold beads, reflecting the Ku70-Ku80 heterodimer) are 
promptly sensed and rejoined, DNA packaging in heterochromatin 
appears to retard DSB processing, due to the time needed to unravel 
higher-order chromatin structures. Complex pKu70-clusters formed in 
heterochromatin (consisting of 4 or ≥6 gold beads) may represent 
multiple breaks in close proximity caused by ionizing radiation of 
highly-compacted DNA. Nearly all pKu70-clusters disappeared within 
72 hours post-irradiation, indicating efficient DSB rejoining. 
However, persistent 53BP1 clusters in heterochromatin (comprising 
≥10 gold beads), occasionally co-localizing with γH2AX, but not 
pKu70 or pDNA-PKcs, may reflect incomplete or incorrect restoration 
of chromatin structure rather than persistently unrepaired DNA 
damage. 
Discussion: Higher-order organization of chromatin determines the 
accessibility of DNA lesions to repair complexes, defining how 
readily DSBs are detected and processed. DNA lesions in 
heterochromatin appear to be more complex, with multiple breaks in 
spatial vicinity inducing severe chromatin disruptions. Imperfect 
restoration of chromatin configurations may leave DSB-induced 
epigenetic memory of damage with potentially pathological 
repercussions. 
 
POS14-48. Mutagenic effect of low dose and dose rate low LET 
radiation on human lymphoblastoid cell lines. Sara Shakeri 
Manesh, A. Wojcik, M. Harms-Ringdahl, S. Haghdoost, Stockholm 
University, Sweden 
  
Risk estimates for stochastic effects (cancer, mutations) of radiation at 
low doses (<20 mSv) are based on the Linear-Non-Threshold (LNT) 
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hypothesis. There are no epidemiological methods that can provide 
direct risk estimates for such low doses. As similar uncertainties apply 
for most cellular and animal models, there is a need to assess more 
sensitive method to study the effects of low dose irradiation. 
We have previously shown that low doses of ionizing radiation 
increase the endogenous production of reactive oxygen species (ROS) 
which leads to an oxidative stress condition. ROS react with different 
cellular components (proteins, lipid and nucleic acid) and give rise to 
the different modifications. 
We have also shown that low doses and dose rates of gamma rays can 
modify the expression of several proteins involved in cellular 
protection against oxidative stress including up-regulation of hMTH1 
(nucleotide sanitization enzyme) and hMYH (a protein with DNA 
glycosylase activity which repair adenine mismatched with 8-oxo-
dG). hMTH1 inhibits incorporation of oxidized nucleotides (8-oxo-
dGTP, a mutagenic modified base) into DNA during replication. 
In the present study we have stably transfected a human 
lymphoblastoid cell line, TK6, using shRNA towards hMTH1 and 
hMYH. Both transfected and non-transfected cells were exposed to 0, 
0.25, 0.5 or 1 Gy gamma radiation either acutely or chronically. The 
dose rates used were 1.4, 5 or 15 mGy/h for chronic and 0.41 Gy/min 
for acute exposure. Mutant frequency in thymidine kinase locus was 
studied using trifluorothymidine (TFT). 
Preliminary results indicate that the dose rather than the dose rate has 
a significant impact on mutation induction. The mutation frequency in 
the exposed transfected cells was slightly higher than non-transfected 
cells. 
 
POS14-49. Significance of the repair synthesis in determining the 
biological consequences of clustered DNA damage. Naoya 
Shikazono1, M. Noguchi1, A. Urushibara1, P. O'Neill2, A. Yokoya1, 1: 
Japan Atomic Energy Agency, Japan 2: Oxford University, UK 
 
Clustered DNA damage, defined as two or more lesions within one to 
two helical turns of DNA induced by a single radiation track, is a 
unique feature of ionizing radiation. Although an extensive amount of 
work has been carried out on how clustered damage is processed in 
vitro, further investigations are still needed to understand the 
processing and the biological consequences of clustered damage in 
vivo. 
We have studied the biological consequences of bi-stranded clustered 
damage sites which consist of a combination of DNA lesions, such as 
a single strand break (SSB), an apurinic/apyrimidinic (AP) site, and an 
8-oxo-7,8-dihydroguanine (8-oxoG), using a bacterial plasmid-based 
assay. Plasmids were ligated with oligonucleotides containing 
clustered lesions. Following transformation of the ligated plasmids 
into the wild type strain of Escherichia coli, we found significantly 
lower transformation frequencies for the clustered SSB + AP lesions 
(separated by 1bp) than that for either a single SSB or a single AP site. 
We suggest that a double strand break (DSB) or a replication block is 
formed during the processing of the SSB + AP cluster. When the two 
lesions are placed farther apart (10-20bp), the transformation 
efficiencies are comparable to those of the single lesions. This 
recovery of transformation efficiency for separated lesions requires 
PolI activity. Similarly, the mutation frequency depends on the 
separation of the clustered SSB + 8-oxoG, although the SSB + 8-oxoG 
cluster, in contrast to the SSB + AP cluster, transforms at a 
comparable efficiency to that of single lesions. PolI also seems to play 
an important role in avoiding mutations, as the lack of PolI enhances 
the mutation frequency of the separated lesions to the level of that of 
the closely spaced lesions. These results indicate that the biological 
consequences of clustered DNA damage strongly depend on the repair 
synthesis of the comprised lesion(s). 
 
POS14-50. Dose-response and repair kinetics of gamma-H2AX 
foci in VH10 normal human fibroblasts irradiated with alpha 
particles, X-rays or a mixture of both. Elina Staaf1, K. Brehwens1, 
S. Haghdoost1, A. Wojcik1,2, 1: Centre for Radiation Protection 
Research, GMT Department, Stockholm University, Sweden 2: 
Department of Radiobiology and Immunology, Institute of Biology, 
Jan Kochanowski University, Kielce, Poland 
 
Purpose: To investigate the DNA damaging properties of mixed 
beams, and how they relate to the damage from a single radiation type. 
Mixed beams of ionizing radiation are present in our environment, for 
example when living in areas with high background radiation. 
Radiotherapy patients treated with BNCT or with high energy photons 
are also exposed to mixed beams of gamma radiation and neutrons. 
Earlier investigations have shown both additivity and synergism when 
combining radiations of different LET. The finding of additivity or 
synergism seems to depend on the order of irradiation, and a unique 
facility where cells can be simultaneously exposed to X-rays and 
alpha particles in a 37 ºC incubator was therefore constructed at the 
Stockholm University. The first experimental series with human 
lymphocytes concluded synergism on the level of micronuclei. To 
further investigate the mechanism behind this effect the gamma-
H2AX assay was employed. 
Methodology: For the repair kinetics study, normal human fibroblasts 
(VH10) were exposed to 0.28 Gy alpha particles, 0.8 Gy X-rays or a 
mixture of  0.14 Gy alpha particles and 0.4 Gy X-rays and thereafter 
incubated 0.5, 1, 3 and 24 h. Dose response curves were performed for 
the 1 h time point to confirm linearity with dose. Samples were 
harvested for the gamma-H2AX assay, images captured and analyzed 
using ImageJ. 
Results: The different physical properties of X-ray and alpha particle 
induced damage are reflected in the focus size, where alpha particles 
gave rise to large and X-rays to small foci. Although there is a slight 
overlap (a low level of large foci exist in X-ray samples and alpha 
particle-irradiated cells also contain small foci), we can follow the 
kinetics of large and small foci in order to see if they influence each 
other following exposure to mixed beams. The action of mixed beams 
of X-rays and alpha particles was observed to be additive, both for 
repair kinetics and dose-response curves. 
Conclusions: Foci can be separated into ―large‖ and ―small‖ foci. 
Large foci disappear at a slower rate compared to small foci. The 
effect of mixed beams of alpha particles and X-rays was found to be 
additive both on the level of repair kinetics as well as dose-response 
for gamma-H2AX foci. 
 
POS14-51. Chromatin modification through histone methylation 
required for amplification of ATM-dependent DNA damage 
signals. Keiji Suzuki, Nagasaki University, Japan 
 
Ionizing radiation causes DNA double strand breaks, which stimulate 
ATM-dependent DNA damage checkpoint. Upon irradiation, activated 
ATM phosphorylates various downstream mediators and effectors. 
These factors are recruited to the sites of chromatin surrounding DNA 
double strand breaks and form discrete foci detectable under the 
fluorescence microscope. Previously, we demonstrated that residual 
foci persistent for over 24 hours after radiation exposure became quite 
large in size, and the foci growth was essential for amplifying DNA 
damage signals. Although recent studies have shown that multiple 
modifications of histones are involved in DNA damage signal 
amplification, the molecular mechanisms underlying the persistent 
DNA damage signal amplification has not been fully understood yet. 
In the present study, we examined growth of foci of DNA damage 
checkpoint factors in normal human diploid cells exposed to gamma-
rays. We found that decreased acetylation of histone H3 and di-
methylation of histone H3 at lysine 9 did not affect the initial foci 
formation but they ablated persistent foci formation observed 24 hours 
after irradiation. These results indicate that chromatin modifications 
are indispensable for proper response to DNA damage, by which 
stability of the genome is maintained. 
 
POS14-52. Human Histone Acetyltransferase 1 (Hat1) and 
Histone H4 Modifications in Response to Genotoxic 
Treatments. Stefan Tafrov, Brookhaven National Laboratory, USA 
 
Human Hat1 was isolated as an enzyme responsible for acetylating 
newly synthesized histone H4 molecules at lysine 5 (K5) and K12 
before they are transported to the nucleus for deposition on newly 
synthesized DNA molecules during replication. Hat1 participates in 
several other cellular processes, including interacting with the origin 
recognition complex, silencing transcription, and repairing DNA. 
Treating normal human keratinocytes (NHKs), or keratinocytes from 
the HaCaT cell line (p53 mutant) with hydrogen peroxide triggers 
bright nuclear-staining for Hat1; exposing NHKs to gamma rays does 
not do so. 
We assessed the level of acetylation of nuclear histone H4 at K5 and 
K12 before and after genotoxic treatments. Thus, we fixed, 
permeabilized, and immunostained unexposed keratinocytes and cells 
exposed to 10- or 100- mkM hydrogen peroxide, or to 10- or 100-cGy 
of gamma rays. We then investigated the distribution of Hat1 with EE-
21 antibody (Sigma), and the acetylation of histone H4 at K5 and K12 
with anti-acetyl H4 (K5) and (K12) antibodies (Millipore). In 
addition, we analyzed protein extracts from treated but unfixed cells 
by Western blotting to derive the total level and the K5 and K12 
acetylation levels of nuclear histone H4. Protein extracts were 
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prepared by two alternative procedures, the first is for isolating 
nuclear-matrix proteins. Briefly, we permeabilized the cells with 0.5 
% triton-X-100, and collected the cytosolic- and soluble nuclear-
proteins. Digesting the cellular DNA with DNase I isolated the 
chromatin-associated proteins. The remnants of the cells first were 
extracted with 0.25 M ammonium acetate, and then with 2 M NaCl. 
Thereafter, we solubilized the remaining insoluble nuclear-matrix 
proteins in 8 M urea. In the second procedure, we used the ―Histone 
Purification Mini Kit‖ (Active Motif), according to the manufacturers‘ 
recommendations. The protein samples, separated by SDS-PAGE 
electrophoresis, underwent Western blotting analysis. We detected the 
total levels of histone H4 with anti-histone H4 antibody (Millipore), 
and the amount of acetylation at K5 and K12 and Hat1 with the 
antibodies given above. 
We offer a hypothetic model of the likely participation of human Hat1 
in the response of human keratinocytes to genotoxic treatments, and in 
repairing the induced DNA damage. 
 
POS14-53. Biochemical kinetic rate model for repair of DSB 
induced by radiation of different qualities. Reza Taleei, H. Nikjoo, 
Karolinska Institutet, Sweden 
 
Among radiation induced DNA damage, double strand breaks are the 
principle lesions, the complexity of which increases with LET [1], and 
the lack of repair or misrepair leads to adverse biological effects in 
irradiated cells. Double strand breaks (DSB) can be repaired by 
Nonhomologous end-joining (NHEJ), homologous recombination 
(HR), and single strand annealing (SSA). The HR and SSA pathways 
are cell cycle dependent and more active in late S/G2 phases, while 
NHEJ is active through the whole cell cycle. Repair by NHEJ and 
SSA may induce deletions and additions in the genome, whereas HR 
is a conservative repair pathway. In this work we present a 
mathematical model of DNA DSB repair. The model considers NHEJ, 
HR, and SSA pathways for the repair of DSB induced by radiations of 
different qualities. The descriptions of different repair pathways were 
made by a system of nonlinear differential equations. The DSB repair 
kinetics obtained, for cells irradiated with X-ray, helium, and nitrogen 
ions, were compared with the published experimental data [2]. Our 
results show HR is indispensible for repairing DSB especially for high 
LET irradiation. 
K. Sankaranarayanan, and H. Nikjoo, 2011, Ionizing radiation and 
genetic risks, XVI. A genome-based framework for risk estimation in 
the light of recent advances in genome research. International J. 
Radiation Biology, 2011, 87(2):161-78 M. Lobrich, P.K. Cooper, and 
B. Rydberg, 1998, Joining of correct and incorrect DNA ends at 
double-strand breaks produced by high-linear energy transfer 
radiation in human fibroblasts. Radiation Research, vol(6): 619-626.  
 
POS14-54. Evaluation of single-nucleotide polymorphisms in DNA 
repair genes and biomarkers of in vitro DNA damage in breast 
cancer patients: an Italian study. Antonella Testa1, S. Sterpone2, C. 
Patrono3, T. Cornetta2, T. Poggioli3, V. Donato4, D. Giammarino4, R. 
Cozzi2, 1: UTBIORAD-RAB - ENEA Casaccia, Italy 2: Department 
of Biology, ―Roma Tre‖ University, Rome, Italy 3: UTBIORAD-RAB 
ENEA Casaccia, Rome, Italy 4: S. Camillo-Forlanini Hospital, 
Radiation Oncology Unit, Rome, Italy 
 
The aim of our work is to study the individual radiosensitivity before 
radiotherapy (RT) starting in a group of breast cancer (BC) patients. 
For this purpose, we analysed the induction of repair of DNA damage 
in peripheral blood lymphocytes (PBL) irradiated in vitro. Moreover, 
we investigated if single-nucleotide polymorphisms (SNPs) of genes 
involved in different DNA repair pathways were associated with an 
increased risk of developing BC and early normal tissue adverse 
reactions after RT. 
We performed a genotype and haplotype study on 43 Italian BC 
patients and 31 healthy controls. Five SNPs (XRCC1-77 
T>C, XRCC1-194, XRCC1-399, OGG1-326, XRCC3-241) 
were genotyped by restriction fragment length polymorphism-
polymerase chain reaction (RFLP-PCR) method. In a subgroup of 35 
BC patients and 34 controls, whole blood samples were irradiated in 
vitro with 2 Gy of X-rays and DNA primary damage and repair 
kinetics were measured through alkaline Comet assay. DNA damage 
in PBL was expressed as percentage of Tail DNA in untreated 
conditions, immediately after irradiation and 30 and 60 minutes later. 
BC patients exhibited a significantly higher mean level of basal 
(p<0.001) and X-ray induced damage (p<0.01) when compared to 
healthy controls. A reduced repair ability was found in BC patients 
showing high degree of tissue side effects as classified by Radiation 
Morbidity Scoring Scheme. 
We also found a significant association between BC occurrence 
and XRCC1-399 (p<0.05). Furthermore,XRCC1 haplotype H3, 
(variant alleles in the promoter and at codon 399 and wild-type allele 
at codon 194) was associated with higher BC risk (p=0.009, 
OR=7.04). The probability for developing this tumor was also 
increased by the number of SNPs in different genes. We found a 
significantly higher BC risk in patients carrying ≥ 3 SNPs 
(OR=2.72, p=0.04), but there was no association with the risk of 
developing adverse reactions after RT. 
In conclusion, we found that XRCC1 haplotype H3 and the number of 
SNPs in different DNA repair genes affect BC risk in our population. 
Moreover, we found a higher residual DNA damage in patients 
showing early skin reactions. Further investigations are needed in 
order to explain the relation between impaired repair efficiency and 
RT-related adverse effects, together with the involvement of SNPs of 
low-penetrance genes. 
 
POS14-55. Antitumorigenic effects of p53 and mismatch DNA 
repair system on oxidative stress-induced intestinal tumors in 
mice. Teruhisa Tsuzuki, J. Shu Piao, N. Matsumoto, Y. Nakatsu, 
Kyushu University, Japan 
 
Oxygen radicals are produced through normal cellular metabolism, 
and the formation of such radicals is further enhanced by ionizing 
radiation and by various chemical agents. We have established an 
experimental system for examining oxidative DNA damage-induced 
mutagenesis and tumorigenesis in the gastrointestinal tracts of mice 
(Sakamoto, K. et al. Cancer Res., 67, 6599-6607, 2007). Oral 
administration of potassium bromate (KBrO3) effectively induces G:C 
to T:A transversions as well as epithelial tumors in the small intestines 
of Mutyh-deficient mice. The mismatch repair (MMR) system is 
implicated not only in the correction of replication errors but also in 
the response to DNA damage to maintain genomic stability. 
Increasing evidence suggests that MMR is involved in the process of 
avoiding mutagenesis caused by oxidative DNA damages in 
mammalian cells. To elucidate the role of MMR in the avoidance of 
oxidative stress-induced tumorigenesis, we performed KBrO3-induced 
tumorigenesis experiments using Msh2-deficient mice. Chronic 
exposure to KBrO3 at a dose of 2g/l in drinking water for 16 weeks 
resulted in multiple tumor formation in the small intestines of Msh2-
deficient mice. In addition, we also examined the roles of tumor 
suppressor p53 in the oxidative stress-induced tumorigenesis 
using Trp53-deficient mice. We observed an enhanced tumor-
formation in the small intestines of Trp53-deficient homozygous 
mutant mice, as compared with wild-type and heterozygous mice, 
treated with KBrO3 for 16 weeks. These results clearly indicate that 
both MMR and p53 are involved in the suppression of oxidative 
stress-induced intestinal tumorigenesis in mice. 
This work was supported in part by grants-in–aid for scientific 
research from the Ministry of Education, Culture, Sports, Science and 
Technology of Japan, and the Ministry of Health, Labor, and Welfare, 
Japan.  
 
POS14-56. Analysis of germ cells specific DNA damage response 
in Japanese Medaka (Oryzias latipes). Yusuke Urushihara1, T. 
Zhang1, J. Kobayashi2, K. Komatsu2, S. Oda1, H. Mitani1, 1: 
University of Tokyo, Japan 2: Kyoto University, Japan 
 
Molecular mechanisms of DNA damage response in gem cells are still 
unknown. The radiation-sensitive Medaka (Oryzias latipes) 
strain, ric1 has a defect in the repair mechanism of DNA double 
strand break (DSB) induced by gamma-irradiation of germ cells 
development. In this study, we investigated the regulation of cell 
cycle, apoptosis, DSB repair and chromatin modification by DNA 
damage in ric1 embryonic cell lines. We discovered that ric1 cells 
showed the significant delay in the early repair of DSB and the 
decreased efficiency of homologous recombination (HR). 
However ric1 had significantly increased resistance to gamma-
radiation. Although ric1 cells and wild-type cells showed G2/M 
checkpoint arrest immediately after gamma-irradiation, the 
resumption of cell cycle in ric1 cells was earlier than that in wild-type 
cells. Furthermore, Ser139 phosphorylated H2AX (gH2AX) foci were 
formed after gamma-irradiation in both wild-type and ric1 cells. 
However, the gH2AX foci disappeared more quickly in the ric1 cells. 
These results suggest that the ric1 gene plays a role of H2AX 
phosphorylation on serin 139. ATM and DNA-PK are considered as 
major kinases of H2AX phosphorylation in response to DSB. To 
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determine whether ric1 gene interacts with ATM or DNA-PK, we 
examined DSB repair efficiency and radiation sensitivity after ATM 
or DNA-PK inhibitor treatment. Although wild-type cells showed 
decreased efficiency of HR repair, ric1 cells did not show significant 
effect on HR repair after treatment with DNA-PK inhibitor. These 
results indicated that ric1 gene interact with DNA-PK. On the other 
hand, cell lines derived from p53-knockout Medaka have phenotypes 
similar to ric1 cells. Thus, ric1 gene might interact with p53 pathway. 
It was recently reported that the interaction of histone 
phosphorylation, acetylation and ubiquitination after DNA damage is 
complicated. We demonstrate that the function of ric1 gene is 
chromatin modification. We will discuss the function of ric1 gene in 
more detail. 
 
POS14-57. Effects of protein phosphatase 6 knockdown on non-
homologous end joining repair of DNA double strand 
breaks. Nicholas Valerie, A. Hosing, D. L. Brautigan, J. M. Larner, 
University of Virginia, USA 
 
Ionizing radiation (IR) is a primary modality for the treatment of 
glioblastoma multiforme (GBM), however these tumors tend to be 
radioresistant. The radioresistance is thought to be due, at least in part, 
to an enhanced capacity to repair DNA double strand breaks (DSBs) 
generated by therapeutic IR. Non-homologous end joining (NHEJ) is 
the predominant repair pathway for DSBs. The alternative, 
homologous recombination (HR), requires the availability of a DNA 
template and, therefore, is restricted to late-S and G2 phases of the cell 
cycle. Targeting proteins in the NHEJ pathway would be expected to 
sensitize GBMs to IR, with therapeutic benefits. DNA-dependent 
protein kinase (DNA-PK) is a necessary component that facilitates 
canonical NHEJ repair. Previously, we have shown that the protein 
Ser/Thr phosphatase-6 (PP6) associates with DNA-PK via one of its 
SAPS domain regulatory subunits (PP6R1). Depletion of PP6 catalytic 
subunit (PP6c) or PP6R1 in GBM cell lines reduced IR activation of 
DNA-PK, limited DSB repair and caused radiosensitization with 
reduced clonal survival (Mi et al, PloS One, 2009). More recently, we 
have studied the role of PP6 in NHEJ using an artificial repair system 
in 293B cells, which quantitatively measures NHEJ repair following 
induction of DSBs by I-SceI endonuclease by flow cytometry or 
qPCR. Strikingly, PP6c knockdown by siRNA resulted in a ~2-fold 
increase in NHEJ repair of DSBs, while DNA-PK knockdown 
expectantly decreased repair by ~2-fold compared to controls. 
Preliminary results on knockdown of PP6 regulatory subunits suggests 
they may have little or no role in NHEJ repair. The mechanistic basis 
of these effects is being pursued and will be presented. 
 
POS14-58. DNA-PK autophosphorylation and DNA end 
processing during DNA Double Strand Break Repair. Dik C. van 
Gent, N. S. Verkaik, M. van der Burg, H. IJspeert, J. J.M. van 
Dongen, Erasmus MC, Netherlands 
 
Ionizing radiation (IR) creates DNA double strand breaks (DSBs), 
which are repaired by non-homologous end-joining (NHEJ). The 
Ku70/80 complex recognizes the DNA end and attracts DNA-PKcs. 
Subsequently, the DNA ends are coupled by the ligase IV/XRCC4 
complex. Several DNA end processing factors are required to process 
‗dirty breaks‘. 
We found, that the Ku80 C-terminus is important for IR resistance and 
V(D)J recombination, especially coding joint formation, because 
Artemis cleavage of DNA hairpins was severely inhibited. 
Interestingly, autophosphorylation at sites that promote opening of the 
NHEJ complex are specifically affected by this mutation. 
Furthermore, we identified the first patient with a DNA-PKcs 
mutation (Leu3062 to Arg). This point mutation did not affect protein 
levels or kinase activity, but activation of Artemis was again 
diminished. The absence of patients with loss of kinase activity 
suggests, that this DNA-PK activity is indispensable in humans, while 
mice with such mutations are normally viable. 
Careful characterization of Xlf/Cernunnos patients and cells revealed 
that this gene influences DNA end processing. This may explain why 
the XLF protein is required for efficient ligation of non-matching 
DNA ends. 
 
POS14-59. Recruitment of DNA Single Strand Break Repair 
Proteins to Damaged DNA. Michael Weinfeld, M. Hendzel, I. 
Abdou, University of Alberta, Canada 
 
The integrity of cellular DNA is pivotal for cellular functioning and 
survival. Single-strand breaks (SSBs) are among the most frequently 
encountered DNA lesions. In dividing cells, unrepaired SSBs, if 
encountered by replication machinery, proceed to form double-strand 
breaks (DSBs), which comprise the most mutagenic and lethal forms 
of DNA damage. In post-mitotic cells, unrepaired SSBs can lead to 
apoptosis if encountered by the transcription machinery, and genetic 
deficiencies in SSB repair proteins, such as polynucleotide 
kinase/phosphatase (PNKP), are responsible for several severe 
neurodegenerative disorders. Accordingly living cells possess robust 
and highly coordinated SSB repair machinery. Biochemical studies 
have elucidated the cascade of events underlying SSB repair, however 
data from live cells in real time is lacking. According to biochemical 
studies, four distinct steps outline the SSB repair process: (i) SSB 
sensing which is mediated by PARP1 through its zinc finger domain 
(ZnF). (ii) DNA end processing, which is catalyzed by various 
enzymes, e.g. PNKP, that act on specific types of damaged strand 
break termini, e.g. 3‘-phosphate and 5‘-hydroxyl, to restore them to 
correct DNA termini, i.e.3‘-hydroxyl and 5‘-phosphate. (iii) Gap 
filling mediated by DNA polymerase β. (iv) Strand resealing by DNA 
ligase III (Lig3). An integral protein in the SSB repair cascade is the 
scaffold protein XRCC1, which appears to orchestrate the steps from 
end processing to ligation We aimed to study the early recruitment 
events of the SSBR core machinery to sites of DNA damage, and with 
the aid of fluorescently-tagged SSBR proteins we were able to show 
for the first time in live cells that DNA ligase III (Lig3) serves as a 
SSB sensor that impacted the recruitment of other SSB repair proteins 
to sites of DNA damage; a finding that is in contrast with the current 
model of SSB repair where PARP is the only known sensor of SSBs. 
Additionally our preliminary data point out to a plausible connection 
between PARP3 and SSB repair. Our results might provide a more 
dynamic picture for SSBR pathway that will add tour current 
understanding of the SSB repair process a new dimension that might 
be of therapeutic value for cancer treatment. 
 
POS14-60. Identification of AP Endonuclease (CiAPE1) in the 
Ascidian Ciona intestinalis. Qiumei Zhang-Akiyama, K. Igarashi, T. 
Moriwaki, K. Hashiguchi, Kyoto University, Japan 
 
Apurinic/apyrimidinic (AP) sites are a mutagenic and cytotoxic DNA 
damage and cause impaired DNA replication and transcription. AP 
sites occur spontaneously and also generated in genomes during the 
repair of oxidation and alkylation damage through the base excision 
repair (BER) pathway. DNA glycosylase-associated AP lyase and AP 
endonucleases play a central role in repairing AP sites. AP 
endonucleases incise DNA adjacent to the AP sites to initiate BER 
and counteract the cytotoxic and mutagenic effects of AP sites. It is of 
interest to perform a systematic comparative analysis of the conserved 
domains in DNA repair enzymes and the evolution of BER systems. 
Furthermore, it is important to characterize the roles and regulation of 
BER during the development of organisms. To address these issues, 
we first identified an AP endonuclease of the ascidian Ciona 
intestinalis which is often used as a good model system to elucidate 
the mechanisms of development. We have already 
characterized Ciona 8-oxoguanine DNA glycosylase (Ogg1) and 
endonuclease III homologues. In this study, the EST database from 
the Ciona cDNA resources was searched. A cDNA clone was found to 
be an AP endonuclease gene in Ciona intestinalis as a human hAPE1 
homolog. Sequence alignment showed that the encoded protein shares 
49% identity with the human hAPE1 protein, which had been found to 
possess AP endonuclease activity. The cDNA was sub-cloned into 
plasmid vector. The AP endonuclease of Ciona intestinalis (CiAPE1) 
was expressed in E. coli Dxth nfo as a GST fusion protein and purified 
by glutathione affinity column chromatography. The purified CiAPE 
efficiently cleaved the tetrahydrofuran-containing duplex 
oligonucleotide. Mg2+ was required for the AP endonuclease activity. 
In addition, the transformation of E. coli RPC501 Dxth nfo with the 
plasmid carrying CiAPE1 cDNA complemented the MMS sensitivity 
in the E. coli mutant. These results demonstrated that CiAPE has AP 
endonuclease activity to repair AP sites in the genome of Ciona 
intestinalis. To elucidate the roles of CiAPE1 in the embryogenesis 
and development of Ciona intestinalis is under investigation. 
 
POS14-61. Targeting DNA repair genes and radiation-induced 
protective factors by combined artificial miRNAs enhances the 
response of human brain tumor cells to radiation. Zhiming Zheng, 
Emory University, USA 
 
Radiotherapy is one of the most commonly used therapies for 
glioblastoma multiforme (GBM). However, the curative potential is 
limited by intrinsic radio-resistance and ionizing radiation (IR)-
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induced protective factors in the GBM, which results in tumor 
recurrence of the majority of GBM patients within the targeted 
radiotherapy tumor bed. Previously, we reported that targeting DNA 
repair genes: ATM and DNA-PKcs with ectopic miR-101 could 
sensitize human brain and lung tumor cells to radiation (PLoS One 
5:e11397, 2010). However, due to the heterogeneous characteristics of 
human tumors, different tumor cell lines showed different miR-101 
levels and we found that a few tumor cell lines with a much higher 
level of endogenous miR-101 showed less response to the ectopic 
miRNA (our unpublished data), suggesting that the endogenous 
miRNA level in the tumor affected the tumor response to the ectopic 
miRNA. In addition, several resent publications indicate that IR-
induced apoptosis factors including CASP3 (Sci Signal, 3-ra13, 2011; 
Cell Stem Cell, 7:508, 2010) and Puma (Gene Dev, 24:1602, 24:1608, 
2010) could promote cancer stem cell formation, which plays an 
important role in tumor recurrence. To overcome these problems, we 
designed four RNA Polymerase II-driven artificial miRNAs (amiR) to 
target two DNA repair genes: XRCC2/XRCC4 and two IR-induced 
factors: CASP3/Puma for enhancing GBM cell response to IR. The 
results showed that these amiRs efficiently reduced the target gene 
expression. Delivering XRCC2/XRCC4-amiRs to GBM cells before 
IR, efficiently reduced the repair of DNA double strand breaks and 
sensitized the GBM cells to IR-induced killing. Delivering 
CASP3/Puma-amiRs to GBM cells after IR, dramatically reduced the 
stem cell signals in the cells. The data were further confirmed in a 
xenograft mouse model: the tumor size derived from irradiated GBM 
cells with the combined amiRs was much smaller that derived from 
the irradiated cells with the control RNAs. These results indicate that 
amiRs by binding to the 3‘-untranslation region (UTR) of target genes 
could efficiently down-regulate the targeted gene expression, 
suggesting that this amiRs-combined approach could enhance the 
response of tumor cells to IR, which has the potential to develop new 
approaches for improving the GBM radiotherapy. 
 
POS15 Genetic instability 
 
POS15-01. Epigenetic Alterations in High and Low LET 
Radiation Induced Genomic Instability. Janet E. Baulch1, U. 
Aypar1, W. F. Morgan2, 1: University of Maryland, Baltimore, USA 2: 
Pacific Northwest National Laboratory, USA 
 
The mechanisms by which radiation-induced genomic instability is 
initiated and perpetuated remain to be elucidated.  Radiation-induced 
mutations, double-strand breaks, or changes in gene expression alone 
do not account for the unstable phenotype.  This study tests the 
hypothesis that epigenetic aberrations are perpetuated in clones 
exhibiting radiation induced genomic instability.  In previous work, 
cells were irradiated and characterized for stability using 
fluorescence in situ hybridization.  In this study, the clones were 
evaluated for changes in DNA methylation and miR-mediated gene 
expression.   
Results demonstrate no effect of irradiation or persistent genomic 
instability on promoter DNA methylation for nuclear factor-kappa 
B (NFkB), tumor suppressor in lung cancer 1 or cadherin 
1 genes.  However, a potential mutation or deletion event was detected 
in the NFkB promoter for two unstable clones. Significant changes 
were observed in LINE-1 or Alu repeat element DNA methylation for 
unstable clones.  Analysis of global methylation indicated that both 
DNA hypomethylation and hypermethylation may be observed in both 
stable and unstable irradiated clones. 
MRNA arrays identified possible down-regulation of genes encoding 
Inhibitor of Differentiation Protein 3 and Histone 1 H2 linker 
protein in all four unstable clones.  A consensus between two clones 
was also observed for additional changes in gene expression.  Genes 
that showed significant changes in expression affect pathways 
including apoptosis, chromatin remodeling and DNA 
methylation.  MiR arrays did not identify any miR common to all four 
unstable clones.  However, six miR were commonly altered in two of 
the unstable clones.  Among these, altered miR expression could be 
validated for mmu-miR-466g, hsa-miR-30a and hsa-miR-195.  Hsa-
miR-30a and hsa-miR-195 were down-regulated and potential mRNA 
targets include zinc finger protein 91 and Max binding protein. 
The results of this study show that epigenetic alterations can be 
perpetuated in unstable clones with RIGI. Further it suggests that 
epigenetically regulated alterations in apoptosis, chromatin 
remodeling and DNA methylation pathways may contribute to 
maintenance of the genomic instability phenotype. 
[This work supported by NASA grants NNX07AT42G, 
NNJ06HD31G and DOE grant DE-FG02-07ER64339]. 
 
POS15-02. Chromosome aberrations in human peripheral blood 
lymphocytes and hTERT-RPE1 cell line after exposure to the 
Auger electron emitter I-125. Kinga Brzozowska, E. Pomplun, R. 
Kriehuber, Forschungszentrum Juelich GmbH, Germany 
 
Introduction: It has been shown that I-123-labeled estrogen treatment 
induced chromosome aberrations with an efficiency of about one 
aberration for each 1000 disintegrations in estrogen receptor-positive 
Chinese hamster ovary (CHO-ER) cells. RBE values for chromatid 
damage induced by Zn-65 compared to γ-radiation were found to be in 
the range from about 1 - 3 repectively 2 - 5 depending on the assumed 
intracellular distribution pattern of Zn-65. To elucidate the genotoxic 
potential of DNA-incorporated AEE, chromosomal /chromatid 
aberrations were analyzed in Iodine-125-deoxyuridine (I-125-UdR) 
exposed human peripheral blood lymphocytes (PBL) and in human 
telomerase-immortalized retinal pigment epithelial cells (hTERT-
RPE1). 
Methods: For each donor, PBL were incubated with I-125-UdR for 5 h 
(2.5 and 5 kBq/ml). The culture was fixed for aberrations at 72 h post-
stimulation. hTERT-RPE1 cells were exposed to I-125-UdR activities 
ranging from 0.5 – 4 kBq/ml. The cells were harvested for aberrations 
at 26 h after initiation of the culture. All slides were stained with 10 % 
Giemsa. For each dose point 100 metaphases were analysed. For both 
PBL and hTERT-RPE1 cells, cell cycle analysis using the EdU Flow 
Cytometry Assay Kit (Invitrogen) was performed. 
Results: Our preliminary data show that I-125-UdR primarily induce 
chromatid-type aberrations. An enhanced level of aberrations was 
observed at already 100 accumulated decays per cell, whereof one 
decay on average per cell per 20 min was calculated. The cell cycle of 
both PBL and hTERT-RPE1 cell line are delayed due to incorporation 
of I-125-UdR in the DNA, when compared to control cells. 
Conclusions: I-125-UdR posses a strong genotoxic capacity in PBL 
and hTERT-RPE1 cells even at very low numbers of accumulated 
decays per cell and hence at a very low dose rate (< 11 mGy/hour). 
Funded by Bundesministerium für Bildung und Forschung (BMBF), 
Kompetenzverbund Strahlenforschung (KVSF), Project No.: 
02NUK005A 
 
POS15-03. Loss of mammalian histone H2B ubiquitin ligase Bre1 
(Rnf20/Rnf40) triggers replication stress and chromosomal 
instability. Sophia Chernikova1, O. Razorenova1, J. Higgins1, B. 
Sishc2, M. Nicolau1, J. Dorth1, D. Chernikova3, S. Kwok1, J. Brooks1, 
S. Bailey2, J. Game1, M. Brown1, 1: Stanford University, USA 2: 
Colorado State University, USA 3: National Center for Biotechnology 
Information, National Library of Medicine, NIH, USA 
 
MammalianBre1 complexes (also known as RNF20/40 or 
BRE1A/BRE1B) function similarly totheir yeast homolog Bre1 as 
ubiquitin ligases in monoubiquitination of histoneH2B. This 
ubiquitination facilitates methylation of histone H3 at K4 and K79,and 
accounts for the roles of Bre1 and its homologs in 
transcriptionalregulation. Recent studies by others suggestedthat Bre1 
acts as a tumor suppressor, augmenting transcription of select 
tumorsuppressor genes and suppressing transcription of select 
oncogenes. Bre1has also been shown to be involved in regulation of 
cell cycle and DNA repair.However, these functions of Bre1 seem to 
be governed by protein-protein andprotein-chromatin interactions of 
Bre1 rather than by attenuated transcriptionof specific genes. In this 
study we present a new mechanism of tumor suppression by Bre1. 
Wehave shown previously that loss of Bre1 compromised homologous 
recombination,resulting in increased sensitivity to ionizing radiation 
and DNA cross-linkingagents. Using an RNAi approach we show in 
this study that Bre1 loss leads to increasedgamma-H2AX signal 
specifically in the S-phase. Wetrack the evolution of genomic 
instability in Bre1-deficient cells from earlyreplication stress to 
specific genomic rearrangements that lead to a rapidincrease in DNA 
content and initiate a breakage-fusion-bridge cycle. We conclude that 
defects in homologousrecombination repair contribute to replication 
stress and genomic instabilityinduced by loss of Bre1. We propose 
that genomic instability triggered byBRE1A/B deficiency may be an 
important early step that precedes an acquisitionof an invasive 
phenotype, as we find decreased levels of Bre1 and 
dimethylatedH3K79 in testicular seminoma and in the premalignant 




POS15-04. Deregulation of the centrosomes and chromosomal 
segregation in Hodgkin cell lines and B-lymphocytes? Corina 
Cuceu1, M. Ricoul2, G. Shim2, S. Bennai2, S. Junker3, A. Lenain2, T. 
Girinsky4, A. Bernheim4, J. Bourhis4, S. Koscielny4, P. Carde4, R. 
M‘kacher2, L. Sabatier2, 1: Commissariat a l'Energie Atomique, 
France 2: CEA 3: University of Aarhus, Denmark 4: Institut Gustave 
Roussy, France 
 
Background: Hodgkin lymphoma (HL) is a malignancy characterized 
by the presence of tumour cells exhibiting numerical and structural 
chromosomal abnormalities, derived, in most cases, from germinal 
center B cells. Recently, centrosome aberrations have been described 
as a possible cause of chromosomal instability and aneuploidy in 
many human malignancies. We investigate the role of centrosomes in 
the defect of chromosomal segregation and polyploidy in Hodgkin cell 
lines and in circulating B-lymphocytes of HL patients. 
Methods and materials: Four HL cell lines (L428, L540, L1236, and 
KM-H2) and 30 HL patients were studied. Centrosomes were stained 
with anti-γ-tubulin.  Chromosomal segregation and the scoring of 
micronucleus were studied after bloking cytokinesis with 
cytochalasin-B in HL cell lines. Chromosomal orientation 
fluorescence in situ hybridization (CO-FISH) and multicolour 
fluorescence in situ hybridization (M-FISH) were performed in HL 
cell lines and in B-lymphocytes of HL patients. We also analyzed the 
distribution of chromosomes 9 and 16 in the nuclei of tetra-nucleated 
cells. 
Results: In HL cell lines, we observed an increase in centrosome 
number and amplification, with the highest rate in cells with 
irregularly shaped nuclei. The cell lines L1236 and L540 showed a 
spontaneous high frequency of micronuclei. Popcorn shaped cells 
were observed predominant for the cell line L428 and in a small 
percent of the others. M-FISH analysis revealed the presence of 
complex karyotype including the chromosome dicentrics in L428. 
There was a malsegregation of the marked chromosomes, and a 
variation in the size of nuclei derived from the same mother cell 
confirmed by painting of chromosomes 9 and 16. In B-lymphocytes of 
HL patients, recurrent chromosomes that were lost were observed, 
often including chromosomes 5, 7, 15 and 17. Complex chromosomal 
rearrangements were observed in metaphases with shorter telomeres. 
Conclusions: These findings demonstrate centrosome deregulation 
correlated to chromosome segregation abnormalities and aneuploidy 
of HL cell lines. The lost of chromosomes in B circulating 
lymphocytes in HL patients could be related to clinical outcomes.   
 
POS15-05. Individual susceptibility to telomere instability and 
radiation-induced tumors. Monika Frenzel1, M. Bellamy2, F. 
deVathaire2, N. Haddy2, R. M'kacher1, L. Sabatier1, 1: Commissariat à 
l'Énergie Atomique, France 2: INSERM, France  
 
Telomeres are supposed to play a major role in increased 
chromosomal instability, radiation sensitivity, and senescence. 
Telomere shortening has been observed in some cancer patients and 
correlated with poor clinical outcome. Previously, three cohorts of 
Hodgkin Lymphoma (HL) patients were studied: 100 who were 
prospectively followed > 10 years after diagnosis, 48 who developed a 
second cancer and 60 long-term survivors with no evidence of disease 
or complication since their initial treatment. Fifty healthy donors and 
70 patients with a newly diagnosed solid tumor were the control 
population. A significant correlation between telomere shortening, 
chromosomal instability and in vitro radiation sensitivity was found as 
well as a higher risk of the occurrance of second cancer (SC) after 
treatment. Our currrent HL study was premised on the finding that 
telomere dysfunction and DNA repair pathways were related to many 
pathological conditions. 
We will be performing a case-control study in a French haemangioma 
cohort to determine the role of telomere lengths in chromosomal 
instability and radiation sensitivity as well as the interrelationship of 
radiation-induced damages and cellular senescence. All patients 
included in the study are characterized by a benign self-involuting 
tumor of endothelial cells, called haemangioma, in their infancy. 
Some of them were treated with ionizing radiation in their early 
childhood (1-2 years old). The appearance of SC in treated and 
untreated patients will be analyzed and correlated with the length of 
telomeres and their heterogenity to validate the model of radiation-
induced carcinogenesis and its modulation according to individual 
variability. Determination of telomere maintenance will be performed 
on peripheral blood lymphocytes. 
In the first step of this project, patients with SC after radiation therapy 
will be selected along with controls of the same sex who were 
irradiated with a comparable dose – depending on the location and the 
type of cancer – at the same age as these patients. The same procedure 
will be performed in patients having SC without receiving radiation 
therapy for their haemangioma during infancy. The selection of the 
control groups is important to make a statement about the role of 
telomere length in chromosomal instability. 
 
POS15-06. Isolation and characterization of p53, ATM and ATR 
mutants in medaka fish. Tomoko Fujiwara-Ishikawa, Y. Kamei, J. 
Kim, S. Otozai, T. Todo, Osaka University, Japan 
 
The DNA-damage response is a signal-transduction pathway that 
coordinates cell-cycle transitions, DNA replication, DNA repair and 
apoptosis. The major regulator of the DNA-damage response are two 
protein kinases, ataxia-telangiectasia mutated (ATM) and ATM and 
Rad3-related (ATR). Both are large kinases with significant sequence 
homology and target an overlapping set of substrates that promote 
cell-cycle arrest and DNA repair. Another key player which mediates 
cell cycle checkpoints is tumor suppressor genep53. P53 is activated 
and stabilized by ATM and serve as a transcription factor for the 
downstream cell cycle regulator. These regulators are closely 
coordinated with each other and the proper coordination finally lead to 
an orchestrated cellular response to DNA damage, which is crucial for 
maintenance of their genome. The downstream reaction and the 
coordinating process are well characterized at molecular level using 
culture cells. However, each tissue of our body consists of wide 
variety of different type of cells, rather than a simple type of cells 
as in vitro cultured cell. Therefore the next interesting question is 
whether the damage response differs between each type of cells in 
tissues. 
Among the vertebrates, the small laboratory fish are suitable for the 
study of gene function, for ease of handling, large numbers of progeny 
per generation, and, oviparous, large egg is suitable for establishment 
of transgenic animal by injection. Medaka, Oryzias latipes, is a small 
laboratory fish, having long history as an experimental model animal 
and thus several inbred lines are available. Medaka has a small 
genome size making it suitable for molecular genetical approach. 
Furthermore the mutation response of the medaka male germ cell was 
comparable with that of the mouse, and therefore medaka could serve 
as a vertebrate model system of DNA damage response. With these 
reasons we choose medaka as a model animal for the study of damage 
response at tissue level. 
The availability of mutants is indispensable prerequisite. We have 
isolated several Medaka mutants forATM, ATR and p53 genes, which 
include nonsense mutant in each gene. The phenotypes of these 
nonsense mutants confirmed their loss-of-function nature. Our results 
demonstrate the utility of Medaka fish for the study of damage 
response at tissue level. 
 
POS15-07. Transmission of genomic instability in families of 
Mayak nuclear workers using minisatellite markers. Irina 
Glazkova, Southern Urals Biophysics Institute, Russian Federation 
 
The current studies on transmission of radiation-induced genomic 
instability from exposed parents to their offspring are focused on 
identification of genomic regions with higher mutation rate. Studies 
using hypervariable non-coding human genome sites as markers of 
chronic radiation have revealed so far no association between 
radiation and genetic effects through generations. This could be 
related to the lack of individual dosimetry monitoring of parents in 
groups under study and living of the offspring with parents at the 
radiation-contaminated territories. The Mayak nuclear workers 
occupationally exposed to radiation were subject to systematic 
dosimetry monitoring. Thus, the Mayak workers and their families are 
the unique cohort to study transmission of genomic instability from 
exposed parents to the offspring somatic cells through germline cells. 
The preliminary efforts implied identification of biological affinity in 
families selected for analysis of mutation process using standard 
markers, which confirmed that family trios were genuine. 
For the purposes of study, minisatellite genomic regions with a 
variable number of repeats, where mutation rate significantly 
exceeded the spontaneous level, were selected. The study was 
performed using a minisatellite gene, CSTB. The PCR-based approach 
was applied to analyze mutation process associated with insertion or 
deletion of the CSTB repeats. There were 40 family trios selected for 
the study. The main group included 20 family trios, where fathers only 
were exposed. Families were divided into three groups by pre-
conceptive dose of fathers from external gamma-rays: Group I within 
1-100 cGy; Group II within 100-300 cGy; and Group III over 300 
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cGy. The control group (non-exposed parents) included 20 family 
trios. 
There were no mutations of the minisatellite cstb in all family trios 
studied. The groups will be expanded to enhance statistical power of 
results and the number of minisatellites under study. 
 
POS15-08. Quantitative analysis of chromosomal re-arrangements 
in radiation induced endopolyploid cells. Michael Hausmann1, S. 
Jutta1, E. Jekaterina2, S. Eberhard1, K. Nick1, S. Harry3, 1: Kirchhoff-
Institute of Physics, University of Heidelberg, Germany 2: (2) Latvian 
Biomedical Research and Study Centre, Riga 3: (3) Bundeswehr 
Institute of Radiobiology , Munich, Germany 
 
Escape from mitotic catastrophe and generation of endopolyploid 
tumour cells (ETCs) represents a potential strategy of cells in reponse 
to genotoxic treatment by high doses of ionizing radiation. Recently, 
we have analysed the expression and sub-cellular localization of 
REC8 in p-53 dysfunctional tumour cell lines. REC8 is a cohesion 
component involved in correct chromosome disjunction and 
homologous recombination in the mitotic and meiotic cycle. In 
conclusion, these data indicated that after 10 Gy gamma-irradiation 
radiation-induced ETCs express features of meiotic cell divisions 
(Erenpreisa et al., Exp. Cell Res. 315: 2593-2603, 2010). Within 10 
days after radiation the cells undergo extensive changes in cell cycle 
progression accompanied by delayed DSBs 4-6 days after irradiation 
and DNA repair by homologous recombination. Such ectopic DSBs 
could have the potential to contribute to homolog recognition and to 
induce homolog association as a feature for DNA repair 
(Monajembashi et al., Biophys. J. 88: 2309-2322, 2005). 
Therefore, we analysed the positioning of FISH labeled chromosome 
territories 1, 4, and 12 in aliquots of HeLa-S3 cells 2-7 days after 10 
Gy gamma-radiation exposure (2 Gy/min) in comparison to a non-
treated control. For each sample, 3D-image stacks of about 50 nuclei 
were acquired using a Leica TCS NT confocal laser scanning or a 
Nikon TE2000-E confocal spinning disc microscope. After image 
segmentation of counterstained cell nuclei and FISH labeled 
chromosome territories, the number of detected territories and the 
absolute distances between the geometric centroid of the respective 
territory and the nuclear border were measured. The resulting distance 
frequency distributions were statistically analysed by pairwise using 
the two-sample Kolmogorov-Smirnov test. In the cases of polyploidy 
the most peripherally and the most centrally located territories were 
compared over the time course. In general, from day 2 to day 5 a shift 
of the investigated chromosome territories to the nuclear periphery 
was observed followed by a re-arrangement towards the nuclear centre 
during day 6 and 7 which in most cases became again compatible with 
the territory arrangement of the non-treated control. These data 
indicate that re-arrangements in the nuclear architecture may support 
DNA repair in ETCs. 
 
POS15-09. Genome mapping of damaged chromosome regions 
induced by ionizing irradiation using CGH-microarray 
analysis. Masamitsu Honma, National Institute of Health Sciences, 
Japan 
 
Exogenous genotoxic agents including irradiation randomly cause 
genetic damage on the genome and result mutations and chromosome 
alterations. To precisely understand the degree and character of the 
DNA damages by the agents, we must genome-widely analyze the 
genetic changes. Genomic DNA microarray technology enables to 
efficiently scan the whole genome and detect relatively small regions 
(<100kb) with deletions, amplification, and LOH. Using CGH-
microarray (Agilent), which is designed for detecting copy-number 
alterations, we characterize gamma-ray-inducing genetic alterations 
genome-widely. We irradiated human lymphoblastoid TK6 with 5Gy 
gamma-ray, and randomly isolated 25-survived clones (0.1% 
survival). Among 25 clones, 12 showed at least one chromosome 
alteration with >5cM in CGH-microarray analyses. These 
chromosomes alterations were confirmed as deletion, amplification, 
translocation, or aneuploidy by Spectrum Karyotyping analysis. 
Deletions and amplifications were frequently observed as side-by-side 
on a chromosome, implying that Breakage-Fusion-Bridge cycle 
initiated by a DSB may contribute to generate the complicated 
changes. Four clones exhibited a same unreciprocal translocation with 
the breakpoint at chromosome 16q11.2. This breakpoint region may 
contain hot spot for ionizing irradiation. 
 
POS15-10. A role for the meiosis-specific protein SYCE2 in 
inducing genetic instability and radioresistance in cancer. Noriko 
Hosoya, K. Miyagawa, the University of Tokyo, Japan 
 
Accumulating evidence suggests that some meiosis-specific proteins 
are aberrantly expressed in cancer cells. While these proteins play 
crucial roles in chromosomal dynamics in meiosis, their roles in 
mitotic cells are entirely unknown. In this session, we report the role 
of the meiosis-specific protein SYCE2 in mitotic cells. The SYCE2 
protein is a component of the central elements of the synaptonemal 
complex, a meiosis-specific supramolecular proteinaceous structure 
that is essential for synapsis of the maternal and paternal homologous 
chromosomes. Expression analysis of SYCE2 using primary tumors 
revealed that it is aberrantly expressed in tumors of various tissue 
origins including cervix, ovary, thyroid and uterus. Normal epithelial 
cells forcedly expressing SYCE2 demonstrated increased frequency of 
aneuploidy and resistance to ionizing radiation. These cells also 
showed constitutive activation of ataxia telangiectasia mutated 
(ATM), suggesting that the up-regulation of DNA damage responses 
is responsible for increased genetic instability in cancer expressing 
SYCE2. Our findings provide a novel mechanism for genetic 
instability and radioresistance caused by aberrant expression of a 
meiosis-specific protein in cancer, which would serve as a molecular 
basis for developing personalized cancer therapies including 
radiotherapy. 
 
POS15-11. Change in DNA methylome and transcriptome of 
Arabidopsis seedlings after gamma irradiation. Jin-Hong Kim, J. 
Hong Kim, B. Yeoup Chung, Korea Atomic Energy Research 
Institute, South Korea 
 
The present study aimed to reveal a relation between genome-wide 
changes in the DNA methylome and transcriptome 
of Arabidopsis seedlings after gamma irradiation. Whole seedlings 
grown in MS medium were irradiated with gamma rays at a dose rate 
of 50 Gy/h for 4 h and harvested at 6, 12, 24, 48, and 72 h later. Then, 
their genomic DNA or total RNA was used for Arabidopsis Whole 
Genome ChIP-on-Chip Set 244K microarray analysis or Affymetrix 
ATH1 microarray and quantitative RT-PCR analysis, respectively. 
The most remarkable change in the genome-wide DNA methylation 
was observed at 12 h after gamma irradiation. Compared with the 
control, DNA methylation was increased or decreased in 30,154 or 
32,166 probes, respectively. In contrast, the most noticeable change in 
the genome-wide transcription was found at the earlier time, 6 h. The 
total 658 or 404 of deferentially expressed genes were induced or 
repressed, respectively. Gene ontology analysis showed that 
transcriptions of DNA, histone, chromatin, and cell cycle-related 
genes were affected significantly. Moreover, expressions 
of cmt and drm genes for non-CG DNA methyltransferase were 
generally decreased until 48 h, while that of met for CG 
methyltransferase was rather increased. The obtained data suggest that 
the remarkable change in the genome-wide DNA methylation after 
gamma irradiation could depend on the initial transcriptomic changes 
including those of different DNA methyltransferases.  
 
POS15-12. Radiation induces delayed mitochondrial dysfunction 
in normal human fibroblast cells involves Drp1-dependent 
acceleration of mitochondrial fission. Shinko Kobashigawa, K. 
Suzuki, S. Yamashita, Department of Radiation Medical Sciences, 
Atomic Bomb Disease Institute, Nagasaki University Graduate School 
of Biomedical Sciences, Japan 
 
Mitochondria are dynamic organelle, whose long and narrow tubular 
structure is maintained by fusion and fission of the membranes. 
Tubular structure is essential for the mitochondrial function by sharing 
materials such as metabolites and mitochondrial DNA. Recently, 
mitochondrial dysfunction is thought as the origin of radiation-
induced genetic instability. However, how radiation induces 
mitochondrial dysfunction is unclear. Here, we have tested our 
hypothesis that ionizing radiation causes mitochondrial fragmentation 
and dysfunctions their function. 
Immortalized normal human fibroblast cells (BJ-hTERT) were used in 
this study. MitoSox reagent was used to measure mitochondrial O2˙
-
 level. Mitochondria were visualized by staining with MitoTracher 
reagent, and structural change was examined under fluorescence 
microscope. 
We found that gamma-irradiation accelerates mitochondrial 
fragmentation, which resulted in delayed production of mitochondrial 
O2˙
-. Localization of dynamin-related protein 1 (Drp1) to 
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mitochondria was observed in response to irradiation. Moreover, 
knock-down of Drp1 expression prevented accelerated fragmentation 
after irradiation. We also found that knock-down of Drp1 expression 
abolished increase of mitochondrial O2˙
- and suppressed radiation-
induced loss of mitochondrial membrane potential. These data 
indicate that gamma-irradiation accelerates localization of Drp1 to 
mitochondria, which leads to mitochondrial fragmentation and 
dysfunction of mitochondria in normal human cells. 
 
POS15-13. Evaluating the role of Bcl-2 and Bcl-XL on radiation-
induced genomic instability using automated assays. Caitlin E 
Mills, D. W. Andrews, D. R. Boreham, McMaster University, Canada 
 
Human mammary epithelial MCF-10A cells were transfected to over-
express venus tagged anti-apoptotic proteins, Bcl-2 and Bcl-XL. 
Control cell lines were established, one in which the expression of 
Bcl-XL was knocked down, and one that expresses venus alone. 
Expression levels of the exogenous venus-Bcl-2 and XL as well as the 
endogenous proteins were confirmed via Western blot. The intensity 
of venus fluorescence was positively correlated to the expression 
levels of exogenous Bcl-2 and XL. Array comparative genomic 
hybridization (aCGH) and spectral karyotyping (SKY) were used to 
confirm several known genetic traits of the MCF-10A cell line. aCGH 
analysis has revealed an amplification on 13q32 in our MCF-10A cells 
that has not been reported elsewhere. SKY was used to ensure that the 
transfection and infection processes did not immediately alter the 
karyotype of the cells. The 53BP1 foci assay has been fully automated 
in our lab. A fully automated liquid handling robotic workstation, 
performs the cell seeding and successive cell staining and fixing all in 
384 well plates. The plates are imaged with a high speed, Opera 
confocal microplate imager. Approximately 10 wells (5 fields of view 
per well, 40x objective) and 1500 nuclei (up to 30,000 foci) are scored 
per minute for the 53BP1 foci assay using Acapella software. The 
automated 53BP1 assay is sensitive down to 10 mGy in MCF-10A 
cells. Subtle differences in the object level distribution of spontaneous 
foci between the cells over-expressing venus-Bcl-2 and XL and the 
control cell lines were detected. Specifically, the frequency of cells 
with no spontaneous foci was 2-3% higher in the control cells. Despite 
the slight differences in the number of spontaneous 53BP1 foci, there 
were no significant differences in the dose response up to 3 Gy 
between the cell lines. Additionally, the loss of radiation-induced foci 
up to 8 hours post-irradiation followed the same trend independently 
of Bcl-2 or XL expression levels. The spontaneous levels of 53BP1 
foci and micronuclei were tracked as indicators of genomic instability 
in the venus-Bcl-2, XL and control cell lines for 20 passages 
following 3 Gy and 100 mGy exposures. In conclusion, it seems that 
Bcl-2 and Bcl-XL expression do not alter the radiation response of 
MCF-10A cells in terms of immediate 53BP1 foci formation and loss. 
 
POS15-14. Do stress-induced premature senescence and mitotic 
catastrophe reflect irreversible growth arrest? David Murray, R. 
Mirzayans, University of Alberta/Alberta Health Services - Cancer 
Care, Canada 
 
Cryptogenic gamma-H2AX nuclear foci accumulate in senescing 
human cells and are thought to signify irreparable DNA double-strand 
breaks. We have reported that early passage p53 wild-type human 
fibroblasts respond to ionizing radiation by exhibiting persistent 
gamma-H2AX foci, proliferation block, and sustained nuclear 
accumulation of p21 (but not of p16) when measured at late times 
(e.g., 1 week) post-irradiation. Moreover, p53 mutated Li-Fraumeni 
syndrome (LFS) fibroblasts exhibit replicative senescence coupled 
with extensive cryptogenic gamma-H2AX foci at late passages; early 
passage LFS fibroblasts respond to ionizing radiation by undergoing 
stress-induced premature senescence (SIPS) that is associated with 
extensive genomic instability (e.g., multinucleation), persistent 
gamma-H2AX foci, proliferation block, and induction of p16 (but not 
of p21). We have now extended these studies to solid tumor-derived 
cell lines with differing p53 status. We show that exposure to 
clinically-relevant doses of ionizing radiation triggers the 
development of ―giant‖ cells, which predominantly reflect 
multinucleation and SIPS in p53-deficient and p53 wild-type cultures, 
respectively. The majority (>60%) of multinucleated giant cells that 
develop in p53-deficient cultures retain viability, exhibit full clearance 
of gamma-H2AX foci, do not express p21 or p16, and resume 
proliferation at late times after radiation exposure. In p53 wild-type 
cancer cell lines, a considerable proportion (~20%) of cells 
undergoing SIPS also retain viability, exhibit full clearance of gamma-
H2AX foci, and replicate their DNA at late times post-irradiation. 
Thus, radiation-induced growth arrest that is coupled with 
multinucleation (―mitotic catastrophe‖) and SIPS might be permanent 
in non-cancerous cells but reversible in tumor cells. Our results 
reinforce the notion that radiation-induced giant cell formation 
(multinucleation, SIPS) may reflect a survival mechanism for p53-
deficient and -proficient cancer cells, and suggest this response as a 
potential target for improving cancer radiotherapy. To this end, we 
identify pharmacological apoptosis activators that kill giant cells. 
(Supported by The Canadian Association of Radiation Oncology – 
RAZCER.) 
 
POS15-15. A study of radiation-induced oxidative DNA damage 
and its repair in mouse tissues. Mizuki Ohno, M. Nakanishi, T. 
Tsuzuki, Kyushu University, Japan 
 
The prolonged oxidative stress caused by low LET radiation is 
considered as a risk factor to induce alteration of genetic information. 
The spontaneous mutations occur in somatic cells can be a cause of 
cancer and other aging associated diseases. In DNA, among four 
bases, guanine is most susceptible to oxidation, and its simple 
oxidized form is 8-oxoguanine (8-oxoG). 8-OxoG is a potent pre-
mutagenic lesion because it can pair with adenine as well as with 
cytosine during DNA replication. 
To investigate the oxidative DNA damage induced by reactive oxygen 
species on various cell types, we examined the intestine of wild-type 
mice received a whole-body irradiation. Using immuno-histochemical 
method, we detected 8-oxoG in both nuclear DNA and mitochondrial 
DNA. At 1hour after irradiation (X-ray, 4 and 10 Gy, 1 Gy/min), we 
observed slightly increased 8-oxoG in nuclear DNA of intestinal cells 
in both villi and crypt regions, which contains non-proliferative cells 
and proliferative cells respectively. In contrast to the nuclear DNA, a 
significant increase of the 8-oxoG in mitochondrial DNA of villous 
epithelial cells (but not in cryptic cells) was observed. To clarify the 
contribution of the oxygen effect to this region specific response, we 
analyzed cellular oxygen consumption by Hypoxiprobe-1. In the 
intestine of non-irradiated mice, the villous cells were more hypoxic 
compared to the cryptic cells, however, oxygen consumption in 
villous cells rapidly increased after radiation. These results suggest 
that the X-ray irradiation increases the level of 8-oxoG predominantly 
in mitochondrial DNA and may lead prolonged oxidative stress 
caused by mitochondrial disfunction. We will also present the result of 
testes. We are in the process of investigation to examine the biological 
effects of X-ray radiation on intestines and testes using various DNA 
repair-deficient mice. 
 
POS15-16. Late radiation effects in the progenies of directly 
irradiated and bystander cells. Andreyan Osipov, E. Lizunova , N. 
Vorobyeva, N.N. Semenov Institute of Chemical Physics, Russian 
Academy of Sciences, Russian Federation 
 
The aim of present study was to study molecular and cellular 
mechanisms of initiation and formation of the late radiation effects in 
the progenies of directly irradiated  and bystander cells. Chinese 
Hamster Ovary cells (CHO-K1 cell line) were used in this study. The 
cells were cultivated under standard conditions. The irradiation was 
performed using a γ-rays unit ―Agat‖ (Russia) equipped by 60Co 
source (dose rate of 1 Gy/min). The DNA breaks level, apoptotic cells 
percentage and intracellular reactive oxygen species (ROS) content 
were measured using a comet assay, DNA halo assay and DCF-DA 
test, accordingly. It was found that exposure of cells at a dose of 1 Gy 
is manifested in the progenies of irradiated cells by the following 
effects: 7-21-th days (9 -31 cell generations) – increasing in the DNA 
single- and double strand breaks levels, the percent of apoptotic cells, 
the ROS intracellular content and cell sensitivity to additional 
exposure (ionizing radiation, H2O2); 23-28-th days (30-42 cell 
generations) - normalization of the studied parameters to control 
values and acquisition of cell resistance to additional exposure. The 
increased ROS content in the progeny of irradiated cells testifies in 
favor assumption of key role of mitochondrial dysfunction in 
perpetuating of radiation induced genomic instability (RIGI). The 
RIGI studies  in the progeny of cells that received a complex of 
soluble factors from irradiated cells showed that incubation of non-
irradiated cells in the culture medium obtained from irradiated at a 
dose of 1 Gy of cells does not lead to the RIGI induction. At the same 
time, the experimental results on cells mixture (co-culture  containing 
10 or 30 % of cells irradiated at a dose of 1 Gy and non-irradiated 
cells) showed a statistically significant increase in the ROS content in 
9(11) cell generations as well as in all tested end-points (DNA breaks, 
apoptosis and ROS) from 12(14) cell generations. The manifestations 
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of the observed effects in the progenies of co-cultivated cells were 
much higher than  expected. The obtained data analysis allows us to 
conclude that the direct radiation-induced damages of molecular and 
cellular structures, but not factors produced by irradiated cells, pay a 
main role in the RIGI initiation, while  in the RIGI formation and 
maintenance the secondary bystander effect (via intercellular 
signaling) is involved. This work was supported by the RFBR grant (# 
07-04-01009-а). 
 
POS15-17. Multiple molecular mechanisms contribute to 
radiation sensitivity in Hodgkin cell lines. Grace Shim1, C. Cuceu2, 
M. Ricoul2, S. Junker3, D. Lewandowski4, T. Girinsky5, A. Lenain2, L. 
Morat2, A. Bernheim5, J. Bourhis5, S. Koscielny5, P. Carde5, R. 
M‘kacher2, L. Sabatier2, 1: Commissariat à l'Energie Atomique 
(CEA), France 2: CEA 3: University of Aarhus, Denmark 4: CEA, 
Laboratoire de recherche sur la Réparation et la Transcription dans les 
cellules Souches, France 5: Institut Gustave Roussy, France 
 
Background: Hodgkin lymphoma (HL) is a malignancy of the immune 
system characterized by the presence of scarcely recognized tumoral 
Hodgkin Reed-Sternberg cells. This lymphoma is currently treated 
using radiation and chemotherapy, but some patients were shown to 
have poor clinical outcome. To potentially determine a replacement 
for radiation therapy for the treatment of this disease, we analyzed 
multiple molecular mechanisms contributing to increased radiation 
sensitivity in several established Hodgkin cell lines. 
Material and methods: Seven Hodgkin cell lines were used: HDLM2, 
L428, L540, L591, L1236, KMH2, SUP-HD1. Cell lines were 
exposed in vitro to 137Cs gamma radiation. Clonogenic survival, 
apoptosis, multicolor fluorescence in situ hybridization, cellular 
localization (immunofluorescence) and protein expression (Western 
Blot) of key proteins in DNA repair (γH2AX, p53, ATM, DNA-PKcs, 
Ku86, Mre11) and the telomeric shelterin complex (TRF2, TRF1) 
analyses were used. 
Results: We report evidence of increased in vitro radiation sensitivity 
in all cell lines, compared to ATM cell lines. However, some cell lines 
were resistant to apoptosis, while others underwent massive apoptosis 
24 h after irradiation. Large differences were seen between each cell 
line in structural and numerical chromosomal abnormalities and 
complex chromosomal rearrangements. Radiation-induced 
chromosomal abnormalities were observed in some cell lines. Distinct 
molecular mechanisms were found to contribute to this phenotype, 
and each cell line exhibited its own unique response to irradiation. 
Even without irradiation, drastic telomere shortening with the 
presence of spontaneous γH2AX signals localized at telomeres was 
observed, along with activation of Mre11, ATM, DNA-PKcs, and 
TRF2; absence of functional p53 was revealed using functional yeast 
assays. After irradiation, each cell line exhibited different kinetics in 
the changes in protein expression and localization of DNA repair and 
telomeric proteins. 
Conclusions: Overall, our study demonstrates that Hodgkin cell lines 
show increased radiation sensitivity, and each cell line shows distinct 
molecular events in response to radiation. These findings can be 
exploited clinically to improve the dismal clinical outcome of HL 
patients to the current therapy regimens. 
 
POS15-18. Influence of radiation quality and genomic location on 
sister chromatid exchange frequencies. Brock Sishc1, A. Eadim1, D. 
G. Maranon1, E. H. Goodwin2, S. M. Bailey1, 1: Colorado State 
University, USA 2: Colorado State University / Kromatid Inc., USA 
 
Exposure to radiation has long been suspected as a causative factor 
not only in the accumulation of genomic mutations, but also in cellular 
aging. With the elucidation of aging related molecular mechanisms, 
such as telomere length erosion, this theory has fallen out of 
prevalence. Contemporary evidence, however, has begun to establish 
a relationship between radiation exposure and telomeric endpoints, 
including accelerated telomere shortening and enhanced 
radiosensitivity, as well as end capping dysfunction and telomere 
induced genomic instability. Thus, loss of telomere function may 
provide an informative link between radiation exposure, molecular 
aging and cancer. 
Recombination events occurring at telomeres, or Telomere Sister 
Chromatid Exchange (T-SCE), have been implicated in contributing 
to human aging. T-SCE can result in random telomere shortening, 
thereby triggering premature cellular senescence if sufficient critically 
short telomeres are segregated into the same daughter cell following 
mitosis. Here, we seek to characterize the influence of radiation 
quality and genomic location on sister chromatid exchange 
frequencies in order to establish whether radiation induced 
recombination events accelerate cellular aging. 
Our approach utilizes two well established cytogenetic techniques: 
Chromosome Orientation Fluorescence in situ Hybridization (CO-
FISH) and Fluorescence Plus Giemsa (FPG) staining to determine T-
SCE and Genomic SCE (G-SCE) frequencies, respectively. We test 
the hypothesis that telomeric recombination events in human skin 
fibroblasts resulting from exposure to ultraviolet (UV), gamma-ray, or 
HZE iron particle radiation play a role in accelerating molecular 
aging, a finding with important implications for carcinogenesis as 
well. 
This research was supported by NASA grants NNJ04HD83G and 
NNX08AB65G. 
 
POS15-19. p53 Dependent Suppression of Genome Instability in 
Medaka Germ Cell. Takeshi Todo1, T. Fujiwara-Ishikawa1, S. 
Otozai1, S. Oda2, H. Mitani2, 1: Osaka University, Japan 2: The 
University of Tokyo, Japan 
 
Mutation induction exerts a deleterious effect on genomic integrity, 
especially when occurred in germ cell, and thus the underlying 
mechanism is an important issue in the study of damage response. 
Most of our current knowledge of heritable mutation induction comes 
from studies of phenotype markers in laboratory model organism. 
However, these studies suffered from a serious drawback, which 
includes a low rate in mutation induction. To overcome this drawback, 
tandem repeat sequences, such as minisatellites and microsatellites, 
have been used during the past 20 years. These tandem repeat 
sequences are highly unstable i.e., show very high spontaneous 
mutation rates and mutation can also be induced in them. Therefore, 
changes in mutation rate can be detected at substantially small sample 
sizes than those required with the conventional phenotype-based 
mutation studies. 
Microsatellite instability (MSI) is a prominent phenotype expressed by 
loss of mismatch repair (MMR) genes. The MMR pathway corrects 
mispaired nucleotides in DNA resulting from replication errors, 
recombination intermediates, or base mutations caused by DNA 
damaging agents. The genomic DNA with the alterations in the 
number of tandem repeat cores are good substrates for MMR 
enzymes, and loss of the MMR gene leads to a high rate of 
microsatellite instability. Another factor playing a crucial role in 
maintaining genomic stability is the tumor suppressor protein p53. In 
response to stress, activated p53 selectively transcribes a set of target 
genes that initiate various cellular responses including cell cycle 
arrest, DNA repair or apoptosis. These programs eliminate cells with 
damaged and mutated genomes before they become nascent tumor 
cells. To clarify the underlying mechanism of radiation-induced MSI, 
mutation rates were studied in the germ line of mismatch repair 
deficient msh2 or p53 deficient medaka fish. Spontaneous mutation 
rate in homozygous msh2 males were significantly higher than those 
in isogenic wild-type or p53deficient fish. In contrast, the 
irradiated msh2 fish did not show any additional increases in their 
mutation rate compared to wild-type fish, whereas significant increase 
in mutation induction was observed in the irradiated p53 fish. 
 
POS16 Individual radiation sensitivity 
 
POS16-01. Radiation sensitivity and frequency of MRE11 gene 
mutations responsible for the Ataxia Telangiectasia-Like Disorder 
(ATLD) in Saudi Arabia. Ghazi Alsbeih, N. Al-Harbi, K. Al-
Haydan, M. Al-Behairi, King Faisal Specialist Hospital & Research 
Centre, Saudi Arabia  
 
Purpose: Ataxia telangiectasia like disorder (ATLD) is a rare variant 
of ataxia telangiectasia (A-T) that share a number of clinical features 
and similar cellular characteristics with the hallmark of increased 
sensitivity to ionizing radiation. There are 16 confirmed ATLD cases, 
4 in the UK, 2 in Italy and 10 in Saudi Arabia. The patients were 
either homozygous or compound heterozygous for 5 different 
mutations in the MRE11A gene located at 11q21. The 10 Saudi 
patients belonged to 3 independent families and represent the largest 
ATLD cohort. Genetically, the patients were homozygous for a novel 
missense mutation, a G to C change at nucleotide 630 of the MRE11A 
gene. The resulting Trp to Cys amino acid change at position 210 
destabilizes the Mre11/Rad50/Nbs1 (MRN) complex involved in 
different DNA healing mechanisms. The high number of Saudi ATLD 
patients with this particular mutation would suggest noticeable 
frequency of carriers in the population. The aim of this study was to 
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assess the frequency of this mutation and its impact on 
radiosensitivity. 
Subjects and methods: A cohort of 428 Saudi individuals was studied 
in addition to one new ATLD patient. The 630G>C mutation was 
genotyped by direct sequencing. Clonogenic survival assay was used 
to measure radiosensitivity that was characterized by the surviving 
fraction at 2 Gy (SF2). 
Results: Two individuals with heterozygous G630C mutation were 
found, giving a G/C genotype frequency of 0.5% and a mutant C allele 
frequency of 0.2%. The ATLD patient was homozygous for this 
mutation. Survival curves of 100 fibroblast cell cultures showed that 
the two heterozygous individuals have intermediate radiosensitivity 
(SF2 = 0.34 and 0.36 compared to an average of 0.33; range 0.15 to 
0.50, SD = 0.10). The patient‘s cells were hyper-radiosensitive (SF2 = 
0.10). 
Conclusions: MRE11A G630C mutation is present in our population 
with a heterozygous carriers‘ frequency of 0.5%, however, the exact 
frequency requires larger study. The frequency could be higher in 
geographically isolated consanguineous families. Individuals 
harboring this mutation may be at higher risk of developing severe 
reactions to ionizing radiation. Premarital, preimplementation and 
prenatal screening for MRE11AG630C mutation could be useful to 
limit the risk of genetic diseases. Supported by KFSH&RC grants 
2000 031. 
 
POS16-02. Downregulation of oncomir miR-17-92 cluster of 
miRNAs in p53 positive LNCaP cells after single and fractionated 
radiation. Molykutty Aryankalayil, S. T. Palayoor, A. Y. Makinde, C. 
B. Simone, II, C. Norman Coleman, National Institutes of Health, 
NCI, USA 
 
To understand the role of microRNAs (miRNA) in regulation of 
radiation-induced gene expression and to help define potential 
radiation-inducible targets, miRNA expression was studied in wild 
type p53 LNCaP and p53-mutated PC3 and DU145 cells. Previous 
analyses of mRNA microarray showed fractionated radiation induced 
more differentially expressed genes compared to single dose radiation 
in PC3 cells, where as in LNCaP cells single dose radiation induced 
more genes. Methods: Cells were exposed to 5Gy and 10Gy either as 
a single-dose (SD) radiation or multi-fractionated (MF) radiation. 
Microarray analyses were done using human Agilent miRNA 
Microarray Kit (V2). Data were analyzed using Gene Spring software. 
Validation of the miRNA expression and gene expression of miRNA 
targets was evaluated by qRT-PCR. Results: Microarray analyses 
revealed that radiation differentially expressed 84, 68 and 8 miRNAs 
with high confidence (&gt;1.5fold change, p&lt;0.05) in LNCaP, PC3 
and DU145 cells, respectively. MF radiation affected more miRNAs 
than SD radiation in all cell lines. OncomiR-17-92 cluster miRNAs 
were significantly downregulated in p53 positive LNCaP cells but not 
in p53-mutatnt PC3 and DU145 cells. &nbsp;The MF radiation 
resulted in greater decrease compared to SD radiation. Among the 
three cell lines, significant baseline differences were seen for miR-19a 
and b, and the highest base line expression levels for miR-19a and b 
were in PC3 cells. mRNA microarray analysis revealed that the 
predicted target of miR-19a alpha-kinase2 (ALPK2) significantly 
upregulated in LNCaP cells and this was not altered in PC3 and 
DU145 cells where miR-19a was not altered by radiation. Conclusion: 
Among the three prostate carcinoma cell lines, single dose as well as 
fractionated radiation downregulated miR-17-92 cluster of miRNAs in 
p53 positive radiosensitive LNCaP cells, suggesting that 
pharmacological inhibition of the miRNA-17-92 cluster may provide a 
new therapeutic strategy for radio resistant cancers with mutated p53. 
 
POS16-03. Radiosensitivity of the HIV-positive individuals before 
and after ARV treatment. Ans Baeyens1, E. Mafu2, O. Herd1, A. 
Vral3, J. Slabbert1, 1: NRF-iThemba LABS; WITS University, South 
Africa 2: WITS University, South Africa 3: University of Ghent, 
Belgium  
 
Introduction: Radiosensitivity in relation to HIV status is an essential 
area of research to better understand the implications of radiation 
medicine in South Africa. This as the prevalence of HIV infection is 
high. Possible change in radiosensitivity to ionizing radiation with 
HIV status has significant consequences for both radiation workers 
and radiation therapy patients. Clinical observations show that HIV 
positive cancer patients present more adverse side effects of 
radiotherapy than HIV negative patients. Recently, investigations at 
the chromosomal level showedthat HIV positive individuals - before 
Anti-retroviral (ARV) treatment - have a higher radiosensitivity than 
HIV negative individuals. With ARV treatment, the life-span of an 
HIV positive individual can be increased to ages of increased cancer 
susceptibility. The aim of this study is to compare chromosomal 
radiosensitivity of HIV positive individuals before and after ARV 
treatment.Spontaneous MN frequencies are also analysed to 
investigate chromosomal instability in HIV patients. 
Methods: The G0 micronucleus assay was performed on blood 
samples from healthy HIV negative donors, HIV infected donors 
before and after starting ARV treatment. For this, lymphocytes were 
exposed in vitroto 2Gy and 4Gy of 6MV X-rays. The lymphocytes 
were culturedfor 70h and Cytochalasin B was added at 24 hours. After 
3 days the yield of binucleated lymphoblasts and micronuclei were 
scored by an automated image analysis programme, MNScore, of 
Metasystems. Sham-irradiated control samplesfrom each donor were 
also analysed. A pan-centromeric FISH analysis was applied on sham-
irradiated samples of HIV positive individuals before and after ARV 
treatment to observe inherent chromosomal instability. 
Results: HIV positive individuals on ARV treatment showed higher 
MN values compared to HIV patients not receivingARV treatments. 
Both cohorts showed greater radiosensitivity than HIV negative 
individuals. FISH analysis revealed no difference in numbers of 
backgroundcentromere positive MN between HIV negative, ARV 
negative and ARV-treated patients. 
Conclusion: ARV treatment possibly increases chromosomal 
radiosensitivity in HIV positive individuals. No differencewas 
observed in spontaneous MN. 
 
POS16-04. In vivo micronuclei formation in radiotherapy patients 
undergoing partial body cancer treatment. Antonella Bertucci, I. 
Deutsch, M. Taveras, H. Turner, D. J. Brenner, Columbia University, 
USA 
 
Analysis of mature biomarkers of radiation exposure could potentially 
be used for triage and treatment decisions for acute radiation effects 
such as after a radiological accident as well as for long term 
assessment of late effects such as cancer and cardiac disease. Partial 
body biodosimetry is required after a radiological exposure to quantify 
and determine the absorbed doses. The in vitro cytokinesis-block 
micronucleus assays (CBMN) is one of the most reliable and widely 
used method to assess cytogenetic damage of radiation 
exposure.  Biological dosimetry based on micronuclei (MN) 
frequencies has been shown useful for the detection and quantification 
of exposure to ionizing radiation. However, direct data on the 
persistence of radiation-induced MN in human peripheral blood 
lymphocytes (PBLs) in vivo is limited. In the present study we 
analyzed MN frequencies in lymphocytes of radiotherapy (RT) 
patients undergoing partial body irradiation of the pelvic 
region.  Blood samples were acquired from RT volunteers treated at 
the Radiation Oncology Department at the Columbia University 
Medical Center. To date, we analyzed samples from 8 cancer patients 
who received a radiotherapy treatment of 1.8-2 Gy per dose to the 
pelvic region. The calculated mean total blood dose for these patients 
was in the range 2 to 4 Gy. Samples were acquired at 6 time points: 
before treatment; immediately after the first fraction; immediately 
before the second fraction; and immediately after, 2 days after, and 7 
days after the final fraction.  For the CBMN assay, whole blood was 
cultured in complete RPMI 1640 medium containing 
phytohemagglutin to stimulate mitosis followed by the addition of 
cytochalasin-B to block cytokinesis and obtain binucleate 
cells.  Present results suggest that quantification of MN in 
radiotherapy patients undergoing partial body irradiation is a suitable 
biomarker for evaluation of absorbed radiation dose. The preliminary 
analysis of the results indicate that the MN assay can provide 
measurable quantitative data at times up to 7 days post exposure after 
doses of 2 to 4 Gy.  
Work supported by NIAID grant 5 U19-AI067773. 
 
POS16-05. Association between DNA repair competence assay, 
classic or molecular cytogenetics, cancer incidence and exogenous 
or ontogenetic factors influence in human monitoring. Antonina 
Cebulska-Wasilewska, Institute of Nuclear Physics, PAS, Poland 
 
Aim of  studies: The aim of our human monitoring studies performed 
on subjects from various cities and countries was to investigate if 
occupational exposures to genotoxic agents can alter cellular 
radiosensitivity or alter health risk. 
Results: Exposures to pesticides, mercury ions, polycyclic aromatic 
hydrocarbons (PAHs) or ionizing radiation have significantly elevated 
levels of cytogenetic damage. The follow up studies revealed 
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significantly increased risk of cancer in the group of subjects 
characterized by the highest levels of chromosomal damage. Our 
research also displayed that results of DNA repair competence assay, 
with a use of challenging dose of X-rays and the detection of induced 
DNA damage by the SCGE assay, have correlated to levels of induced 
chromosome damage. Results from studies on the influence of 
exposure to environmental  PAHs on the repair of DNA damage 
induced by radiation, have shown a strong variability between donors 
and significant decrease of the DNA repair efficiency in exposed 
subjects. Significant decreases of repair efficiencies were also 
observed when those groups were stratified first according to various 
genotypes for genes, encoding enzymes involved in the process of 
bio-transformation (CYP1A1(Ile/Val), GSTM1, NAT2) or DNA 
repair (EPHX4 or XRCC1)1 and then to levels of occupational 
exposures. Results of our studies have also shown the higher levels of 
chromosome aberrations frequencies and significant reduction of 
cellular repair efficacy, that were observed in a various groups of 
cancer patients when compared to healthy subjects. 
Conclusion: Presented results point toward that ontogenetic or 
exogenous factors via alteration of the DNA repair processes can rise 
levels of chromosome aberrations and result in increased risk of 
cancer. 
Acknowledgments: Research was partially supported by MniSW 
grant:  (0296/B/P01/2008/35). 
1 Cebulska-Wasilewska, A., Binkova B., Sram R.J., Kalina I., 
Popov T., Farmer P. B., (2007).Repair competence assay in studies of 
the influence of environmental exposure to c-PAHs on individual 
susceptibility to induction of DNA damage. Mutat. Res. .620, 1-2, 1, 
155-164. 
 
POS16-06. Radiation responses in ex vivo irradiated blood 
lymphocytes correlated with late normal tissue response to breast 
radiotherapy. Melvin Chua, Health Protection Agency, UK 
 
Background: To test the association of DNA double-strand break 
(DSB) repair, radiation-induced apoptosis (RIA) and chromosomal 
radiosensitivity in ex vivo irradiated blood lymphocytes with late-
onset normal tissue responses following breast radiotherapy.     
Methods: Breast cancer patients with minimal (controls) or marked 
late radiotherapy changes (cases) were retrospectively selected. DSB 
were quantified by γH2AX/53BP1 co-immunostaing 0.5 and 24 hours 
after exposure of unstimulated lymphocytes to 0.5 and 4 Gy X-rays 
respectively. Apoptosis assays were performed in lymphocytes 48 
hours after 8 Gy X-rays using a carboxyfluorescein fluorochrome 
inhibitor of caspases (FAM-VAD-FMK) apoptosis detection kit. 
Exchange (dicentrics and rings) and deletion (excess acentric 
fragments) type chromosomal aberrations were scored in lymphocyte 
metaphases following exposure to 6 Gy X-rays.     
Results: Despite similar foci levels at 0.5 hour in cases (n = 7) and 
controls (n = 7), foci levels 24 hours after 4 Gy differed significantly 
between them (Foci per cell were 12.8 in cases versus 10.2 in controls, 
p = 0.004). Increased chromosomal radiosensitivity was also observed 
in cases (Aberrations per cell were 5.84 in cases versus 3.79 in 
controls, p = 0.001) with exchanges and deletions contributing equally 
to the difference between cases and controls. RIA of lymphocytes did 
not differ between cases and controls (% of RIA cells were 37.2% in 
cases versus 34.6% in controls, p = 0.563). Tests of association 
indicated that a stronger intra-individual association between residual 
foci levels with formation of deletions (Spearman‘s R = 0.589, p = 
0.027) than with exchanges (R = 0.367, p = 0.197) in lymphocytes 
from the same patients. Separately, residual foci levels were not 
correlated with RIA levels in lymphocytes from the same patients (R = 
0.224, p = 0.81)    
Conclusions: Higher levels of exchange type aberrations observed 
among radiosensitive breast cancer patients suggest a role for DSB 
misrepair, in addition to residual damage, as determinants of late 
normal tissue damage. Correlation of residual foci levels with deletion 
type aberration yields in the same cohort confirms their mechanistic 
linkage. Lack of association between residual foci levels and RIA 
suggests that these radiation responses are possibly independently 
regulated. 
 
POS16-07. Response of Human Cells to Proton Irradiation 
Compared to X-Ray Irradiation. Masanori Hatashita1, K. Takagi1, 
K. Kume1, G. Kagiya2, H. Matsumoto3, 1: Research and Development 
Department, The Wakasa Wan Energy Research Center, Japan 2: 
School of Allied Health Sciences, Kitasato University, Japan 3: 
Division of Oncology, Biomedical Imaging Research Center, 
University of Fukui, Japan 
 
It is well known that the biological effects of high LET radiations are 
greater than those of low LET radiations. Previous studies have shown 
LET dependent effects on various human cells for cell killing, 
micronucleus formation, mutation frequency, mutation spectrum. 
It has been assumed that the RBE of protons is equivalent to that of 
photons. In this study, the differences in mutation induction and 
mutation spectrum between proton beams and X-rays in human cells 
were investigated. Human cells were irradiated with X-rays or proton 
beams, generated by Wakasa wan Energy Research Center 
Multipurpose Accelerator System with Synchrotron and Tandem (W-
MAST) at the wakasa wan energy research center (WERC) in Japan. 
Cell killing effect was measured by the colony formation assay. 
Mutation induction in the hypoxanthine guanine phosphoribosyl 
transferase (HPRT) locus was detected to measure 6-thioguanine 
resistant colonies. The mutation spectrum of the deletion pattern of 
exons of induced mutants was analyzed by the multiplex polymerase 
chain reactions. Cell killing effect was almost the same between 
proton beams and X-rays, while a difference in mutation frequency 
was observed. Furthermore, the deletion spectrum of exons was 
different in induced mutants between proton beams and X-rays. These 
findings suggest that there are quantitative and qualitative differences 
in mutation induction between proton beams and X-rays even if the 
RBE values are similar. 
 
POS16-08. Association of the caspase-7 Asp4Glu polymorphism 
with increased risk of adverse reaction in the gastrointestinal tract 
after pelvic radiotherapy in cervical cancer patients. Takashi Imai, 
A. Ishikawa, T. Suga, Y. Otsuka, National Institute of Radiological 
Sciences, Japan 
 
Caspase-7 (CASP7) is one of the effector caspases responsible for 
cleaving intracellular substrates involved in promoting the apoptotic 
phenotype. Interestingly a role for CASP7 in cell cycle progression at 
mitosis has also been suggested. Additionally, CASP7 polymorphisms 
are associated with increased risk for several types of cancer such as 
breast cancer, endometrial cancer and lung cancer. However little is 
known about the association of CASP7 with individual 
radiosensitivity. Therefore, in this study, we analyzed the association 
of functional polymorphisms in CASP7 with the risk of an adverse 
reaction in the intestinal tract after radiotherapy. 
A total of 208 cervical cancer patients who had been treated with 
pelvic radiotherapy were genetically analyzed. Early gastrointestinal 
reactions were graded using the National Cancer Institute Common 
Toxicity Criteria, and patients were dichotomized into a lower-grade 
(LG) group (Grade = 0 or 1, n = 150) and a higher-grade (HG) group 
(Grade = 2 or 3, n = 58). Three SNPs with minor allele frequencies of 
more than 5% in our healthy control samples, rs12415607 (C-1222A), 
rs11593766 (T398G, Asp4Glu), and rs2227310 (C1151G, 
Asp255Glu), were subjected to genotype and haplotype analyses in 
the cervical cancer patients. 
Among these 3 SNPs, only rs11593766 was found to be associated 
with a risk of adverse reaction in the intestinal tract. The frequency of 
the G allele of this SNP was significantly higher in the HG group 
(18%) than in the LG group (9%; odds ratio [OR], 2.24; 95% 
confidence interval [CI], 1.18-4.21; P = 0.016). The GG and TG 
genotypes of rs11593766 were significantly associated with an 
increased risk of adverse reaction in the intestinal tract (OR, 2.15; 
95% CI, 1.04-4.44; P = 0.038). No significant haplotype including 
rs11593766 was detected. Diplotypes of NPAT-
ATM and AURKA have also been reported to contribute to the risk of 
adverse intestinal reaction after radiotherapy, and we found that 
patients who had two or more of the NPAT-
ATM, AURKA or CASP7 risk genotypes showed higher risk than other 
patients (OR, 3.60; 95% CI, 1.83-7.19; P = 0.00007). 
Our results suggest that the rs11593766 GG and TG genotypes 
(Glu/Glu or Asp/Glu) of CASP7 might contribute to the individual risk 
of adverse intestinal reaction after radiotherapy. 
 
POS16-09. Molecular biomarkers for radiation sensitivity in 
human peripheral blood mononuclear cells. Summerer Isolde1, K. 
Anne2, Z. Horst3, A. Michael2, M. Simone2, 1: Helmholtz Center 
Munich, Germany 2: Institute of Radiation Biology/Helmholtz Center 
Munich, Germany 3: Research Unit of Radiation 
Cytogenetics/Helmholtz Center Munich, Germany 
 
The main challenge in radiotherapy is to achieve maximum tumor 
depletion with minimum damage to normal tissue. Due to individual 
differences in the response to ionizing radiation it is particularly 
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important to detect radiation hypersensitivity at the earliest possible 
time point in the therapy protocol, i.e. after the first day of therapy. 
This study presents two approaches to identify molecular biomarkers 
for radiation sensitivity in human peripheral blood mononuclear cells 
(PBMNCs). 
To analyze the cellular radiation response by DNA-double strand 
break (DSB) repair we have developed a modification of the classical 
DNA repair foci assay. For DSB-detection and -quantification we 
established the Proximity Ligation Assay™ (PLA), which provides 
high specificity through visualization of interaction of DSB repair 
proteins. 
PLA-results obtained from human PBMNCs of healthy donors give 
evidence for a dose dependent increase in the number of signals in the 
biological relevant dose range up to 5 Gy produced 90 minutes after 
irradiation with gamma-rays. Quantification of DSBs in PBMNCs, 
isolated from radiotherapy patients at four different time points over 
the period of the radiotherapy, indicates variance in DSB induction 
after in-vitro irradiation amongst the different time points. 
As an alternative parameter we determined miRNA expression levels 
in PBMNCs from healthy human donors 24 h after gamma-irradiation 
on low-density arrays. Out of 378 tested miRNAs we identified 22 to 
be significantly changed after irradiation with 1 Gy. Expression 
profiles of the radiation modulated miRNAs showed sex-specific 
clustering. Sex-specific regulation of five miRNAs could be 
confirmed by single primer assays for selected miRNAs differentially 
expressed after irradiation. 
Based on the data mentioned above we plan to conduct an in-vivo trial 
to determine the clinical performance of the assays in analyzing the 
DNA damage response in patients during standard radiation therapy. 
 
POS16-10. Transcriptional assessment of the ATM/CHEK2/p53 
pathway activity and its epigenetic modulation by miRNAs in 
human and mouse blood. Sylwia Kabacik1, A. Ortega-Molina2, A. 
Efeyan2, P. Finnon3, S. Bouffler3, M. Serrano2, C. Badie3, 1: Health 
Protection Agency/Brunel University, UK 2: Spanish National Cancer 
Research Center (CNIO), Spain 3: Health Protection Agency, UK 
 
Genome maintenance is crucial to prevent DNA damage that can 
contribute to cancer and ageing. Mammalian cell DNA is subject to 
damage caused either spontaneously by oxygen radicals or during 
DNA replication, or by external agents such as ultraviolet or ionizing 
irradiation (IR). IR is a stress that induces a range of DNA lesions to 
which cells respond through multiple signalling pathways. 
IR-induced DNA Double-Strand Breaks (DSBs) activate 
ATM/CHEK2/p53 pathway, cells then enter either cell cycle arrest or 
apoptosis, dependent on which downstream pathways predominate in 
the specific cell type and environment. The fate determination 
depends on the ability of p53 to induce the transcription of genes such 
as the cyclin-dependent kinase inhibitor CDKN1A (p21) and the pro-
apoptotic BBC3 (PUMA). We have developed a gene expression assay 
in peripheral blood to measure accurately ATM/CHEK2/p53 pathway 
activity (1), an essential cancer protection pathway. To determine the 
full range of ATM/CHEK2/p53 pathway activity in humans, we are 
finishing analysis of a large panel of healthy donors and a complete 
set of data will be presented. 
The response to IR is probably regulated in part by miRNAs and 
recently some have been reported as potential biomarkers of radiation 
exposure (2). We hypothesized that individual variability in 
ATM/CHEK2/p53 pathway activity depends in part on miRNAs. To 
investigate miRNA radiation responsiveness, we used nCounter 
miRNA Expression Assay and miRXplore Microarrays in human and 
mouse respectively. 2h after IR exposure (dose range used from 0.5Gy 
up to 8Gy) miRNA modulation was observed including mir-195 and 
the oncomir mir-21. Interestingly, mir-195 which has been previously 
described as differentially expressed between patients with the genetic 
syndrome Ataxia Telangiectasia (AT) and healthy donors (3), is 
significantly up-regulated in human and mouse. The influence of 
genetic background on the level of mir-195 expression is currently 
being assessed. These results may have implications for the prediction 
of radiation sensitivity and cancer susceptibility. 
1. Cell Cycle 2011; 10:1152-61. 
2. Int. J. Radiat. Biol. Epub 2011 Mar 17 
3. Am J Hum Genet 2008; 83:243-53. 
 
POS16-11. New method for determination of cell repair 
mechanism at low radiation doses. Agata Kowalska1, K.  Czerski1, 
S. Zajączek2, B. Masojć2, M. Kaczmarski1, A. Łukowiak1, 1: Institute 
of Physics, Szczecin University, Poland 2: Pomeranian Medical 
University, Poland 
 
Research on response mechanisms of human cells and corresponding 
chromosomal aberrations to different radiation types, especially at low 
doses enables to determine efficiency of repair mechanisms[1]. Here, 
we propose a new method to study repair mechanism based on 
deviations from the Poisson distribution of observed chromosomal 
aberrations. 
The method has been applied to samples of peripheral blood irradiated 
by gamma rays of Co60 with doses ranging between 0 and 2 Gy. The 
donors of blood samples were a group of 15 young healthy volunteers. 
A standard method of lymphocyte extraction has been used and the 
number of chromosomal aberration (dicentrics, acentrics and rings) 
were scored under optical microscope. 
For a dose of 2 Gy the Individual Damage Factor (IDF) of all patients 
and its mean value (Average Damage Factor ADF) have been 
determined. The standard deviation characterizing scattering of IDF 
values around the ADF has been found to be significantly smaller than 
that expected for Poisson statistics[2]. The underestimation of 
standard deviation can be correlated to a number of repaired cells and 
thus a corresponding repair factor (RF) could be defined as a ratio 
between damaged and repaired metaphases. Similarly, we could 
obtained RF value for dose-effect curves using the chi-square analysis. 
The RF values estimated for the ADF analysis and for the dose–effect 
curve amount to 2.4 and 2.1, respectively, i.e. about 50% of damaged 
cells were repaired. 
The same method has been applied to results recently published by the 
Warsaw group [3] where the results for gamma irradiation were 
compared to those obtained for C12. Whereas the RF value of 2.1 for 
gamma rays confirms our results, the RF for C12 counts 1.48. The 
latter, smaller RF value for heavy ion irradiation can be explained 
with high occurrence of double strand breaks which decreases the 
capacity to repair. Nevertheless, even in that case, about 30 % of 
damaged cells could be repaired. 
1. E.J. Hall, D.J. Brenner, B. Worgul, L. Smilenov ,Genetic 
susceptibility to radiation, Advances in Space Research 35 (2005) 
249-253 
2. E. Gudowska-Nowak, R. Lee,  E. Nasonova, S. Ritter, M. Scholz 
,Effect of LET and track structure on the statistical  distribution of 
chromosome aberrations, Advances in Space Research 39 (2007) 
1070-1075 
3. J. Czub , D.Banas, A.Błaszczyk c, J.Braziewicz , I. Buraczewska , 
J.Choinski , U.Górak , M.Jaskóła, A.Korman , A.Lankoff , 
H.Lisowska , A. Łukaszek , Z.Szefliński , A.Wójcik 
Cell survival and chromosomal aberrationsinCHO-K1 cells irradiated 
by carbon ions 
 
POS16-12. MicroRNA expression determines the radiation 
sensitivity of endothelial cells. Anne Kraemer, A. Natasa, A. Michael 
John, M. Simone, Helmholtz Center Munich, Institute of Radiation 
Biology, Germany  
 
We have demonstrated that the sensitivity of endothelial cells to 
ionizing radiation is dependent upon the processing of microRNAs. 
Due to endothelial cell killing and the resultant normal tissue damage 
only limited doses of radiation can be used in tumour therapy. 
Therefore, a better understanding of the processes governing 
radiosensitivity of endothelial cells would be desirable for improved 
radiation therapy. As the expression of microRNAs (miRNAs) is 
regulated in the cellular stress response after ionizing radiation, we 
tried to determine whether miRNA-controlled gene silencing 
influences the radiation response in endothelial cells. 
We identified a phenotypic effect from a global inhibition of the 
miRNA response to irradiation. This was achieved by siRNA-
mediated downregulation of either Ago2 or Dicer, two crucial 
components of miRNA processing. Cells depleted for Dicer or Ago2 
showed decreased clonogenic survival after irradiation. A further 
analysis of cell cycle distribution after irradiation hints to a defect in 
G1 checkpoint activation in Dicer or Ago2 knockdown cells. 
Subsequently, we conducted a screen to identify which of the 
miRNAs are responding to ionizing radiation. This was performed by 
TaqMan-based low density array technology. Four hours after 
irradiation we found 7 miRNAs to be upregulated, and 13 to be 
downregulated. After 24 h 5 miRNAs were up- and 19 downregulated. 
The effects for 7 of these miRNAs on survival and cell cycle 
regulation were individually measured by modulating their activity 
through transfection with specific miRNA inhibitors (anti-miRs). 
Out of 7 analyzed miRNAs, three had an impact on the cellular 
response to irradiation, showing an enhanced apoptosis rate measured 
by caspase-3 activity and quantification of subG1 population. 
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However, the cell cycle distribution after irradiation was not affected 
after miRNA inhibition. Currently, work is in progress to identify 
mRNAs targeted by miRNAs by a bioinfomatical prediction of target 
genes and through comparison of proteomic changes in control- and 
anti-miR-transfected cells by 2D DIGE. 
Taken together, our data suggest that miRNA-mediated gene silencing 
has an essential function in radiation response. In the future, targeting 
miRNAs could be an important tool to sensitize tumours during 
radiation therapy. 
The research leading to these results is supported by the BMBF Grant 
NUK007C (KVSF). 
 
POS16-13. Quantitative analysis of epigenetic alterations after 
irradiation. Belinda Mazurek, A. Friedl, University of Munich, 
Department of Radiation Oncology, Germany 
 
It has been hypothesized that radiation-induced epigenetic alterations 
may be causally involved in radiation-induced carcinogenesis. To 
investigate individual variations in radiation-induced epigenetic 
alterations, we screened several EBV-immortalized lymphoblasts 
from young lung cancer patients, the radiation sensitivity of which 
was characterized with survival assays. Furthermore as a positive 
control for radiation sensitivity, a cell line from an ataxia 
telangiectasia patient, was used, while the healthy brother served as a 
non-sensitive control. 
To investigate global alterations in histone modification patterns after 
irradiation, we irradiated the cells with 10 Gy and prepared whole cell 
extracts after 1 h and 24 h. The samples were screened for 5 different 
histone modifications that had been observed to show alterations after 
irradiation in previous analyses with a control cell line. Since the 
alterations, if they occured, ranged in an interval of about ± 20-40%, it 
was essential to establish a reliable quantitative western blot method. 
We ascertained that the whole protein amount of the irradiated 
samples differed less than 15% from their controls. For each point in 
time adequate control samples were used, a standardized western blot 
procedure was established and the antibodies were tested for substrate 
specificity by peptide competition assays. The chemiluminescence 
reaction, caused by the secondary antibody, was recorded by a highly 
sensitive CCD-camera. A minimum of four western blots for each cell 
line, incubation time, and histone modification were prepared from 
two independently produced protein extracts. 
We observed inter-individual variations in the different cell lines, as 
not always the same histone modifications were found to have been 
altered significantly. If an alteration in the histone modifications 
occurred, it was most often already detectable after one hour of 
incubation time, with the effect increasing over 24 hours. The variable 
behaviour in the epigenetic reactions of the different cell lines after 
irradiation did not appear to be correlated with the radiation sensitivity 
status of the cell line. 
Funding:  Kompetenzverbund Strahlenforschung (KVSF) 
03NUK007C.  
 
POS16-14. Chromosomal radiosensitivity in South African breast 
cancer patients before and after radiotherapy. Xanthene Muller1, 
O. Herd1, T. Mabhengu2, A. Cairns3, A. Vral4, J. Slabbert5, A. 
Baeyens6, 1: iThemba LABS, WITS University, South Africa 2: 
WITS University, South Africa 3: WITS University, Donald Gordon 
Hospital, South Africa 4: University of Gent, Belgium 5: NRF-
iThemba LABS, South Africa 6: NRF-iThemba LABS, WITS 
University, South Africa 
 
Introduction: Several European studies have shown that breast cancer 
patients are, on average, more sensitive to ionizing radiation than 
healthy individuals. Population groups in South Africa have a unique 
genetic background and in vitro chromosomal radiosensitivity of 
African women with breast cancer has never been investigated. To 
investigate chromosomal radiosensitivity, the micronucleus (MN) 
assay was performed on lymphocytes of breast cancer patients. 
Micronuclei are suitable biomarkers of radiation-induced DNA 
damage as they represent small acentric chromosomal fragments that 
lag behind during cell division. Furthermore, we also investigated if 
there are any significant differences in the in vitrochromosomal 
radiosensitivity in patients before and after radiotherapy. 
Materials and Methods: Blood samples from breast cancer patients 
were collected before and after the completion of radiation therapy. 
Samples from age-matched healthy individuals were also collected. 
All blood samples were in vitro irradiated with doses of 2Gy and 4Gy 
6MV X-rays. Lymphocytes were cultured at 37°C in a CO2 incubator 
and Cytochalasin B was added 24 hours post irradiation. After 3 days 
the yield of binucleated lymphoblasts and micronuclei were scored by 
an automated image analysis programme, MNScore, of Metasystems. 
Sham-irradiated control samples from each donor were also analysed. 
Results: Radiation-induced micronucleus frequencies were higher in 
breast cancer patients compared to healthy donors. This was noted for 
the different radiation doses. When comparing the in vitro radiation-
induced MN scores in patients before and after radiation therapy, it 
was noted that the MN yields after 2Gy and 4Gy in vitro irradiation, 
were higher in the post-therapy group compared to the pre-therapy 
group. The MN results obtained in the sham-irradiated samples were 
much higher in the post-therapy group. 
Conclusion: The results demonstrate that the group of South African 
breast cancer patients was on the average more sensitive to ionizing 
radiation than a group of healthy women. When comparing the in 
vitroradiation-induced MN results in patients before and after therapy, 
it was observed that the total MN yields scored for the 2Gy and 4Gy 
doses were significantly lower in the post-therapy group. In the sham-
irradiated samples the MN results were significantly higher in the 
post-radiotherapy group, as can be expected. 
 
POS16-15. Sequence of drug-radiation treatment influences the 
tumour-radiosensitizing properties of the novel HSP90 inhibitors 
NVP-AUY922 and NVP-BEP800. Natalia Niewidok1, L. Wack1, L. 
Stingl1, A. Katzer1, V. L. Soukhoroukov2, M. Flentje1, C. S. 
Djuzenova1, B. Polat1, 1: Department of Radiation Oncology, 
University Hospital Wuerzburg, Germany 2: Lehrstuhl fur 
Biotechnologie und Biophysik, University Wurzburg, Germany 
 
In order to examine the role of drug-IR schedule we studied the 
radiation response of two tumour cell lines (A549 and SNB-19) to 
simultaneous treatment with the novel Hsp90 inhibitors (NVP-
AUY922 or NVP-BEP800) and ionizing radiation (IR).  To this end, 
cells were irradiated in the drug-containing medium and kept 
thereafter up to 48 h after irradiation. Cellular response was assessed 
30 min, 24 h and 48 h after drug-IR treatment by colony survival 
assay, induction and kinetics of DNA damage and repair, cell cycle 
distribution and expression of several survival and cell cycle-related 
proteins. 
A 30-min exposure to either NVP-AUY922 or NVP-BEP800 did not 
influence the radiosensitivity of examined cell lines. Likewise, no 
changes in the degree of DNA damage, cell cycle distribution or 
expression of marker proteins were detected after short-term drug 
treatment. Longer incubation with either drug strongly affected the 
viability of both cell lines. The intracellular ATP content dropped 
from 80% at 24 h incubation to 20% and 40% at 48 h exposure to 
NVP-AUY922 in case of A549 and SNB-19 cell lines, respectively. 
Furthermore, SNB-19 cells plated 48 h after combined drug-IR 
treatment showed a strongly reduced colony-forming ability, in 
comparison to untreated control. This particular cell line also 
exhibited an increased DNA damage and protracted DNA damage 
repair. In addition, Hsp90 inhibition combined with irradiation caused 
depletion of the anti-apoptotic proteins Akt and Raf-1 in both cell 
lines, as well as survivin in A549 cells. Finally combined drug-IR 
treatment induced S phase depletion and G2/M arrest. 
The above findings prove the importance of drug-radiation schedule in 
cancer therapy. The tumour type-specific radiosensitization correlated 
with the depletion of several anti-apoptotic and cell cycle-related 
proteins, elevated DNA damage and repair protraction, which might 
have been responsible for the observed apoptosis and cell cycle arrest. 
 
POS16-16. The prediction of radiotherapeutic response ―in vitro‖ 
for cervical cancer patients? Siobhan O'Grady, Focas Institute 
(Dublin Institute of Technology), Ireland 
 
Introduction: Tumour response rate and duration of cervical 
carcinoma treated by radiotherapy varies between 
individuals.  Individual prediction of tumour response to treatment 
could allow individualised treatment by choosing the best treatment 
option and /or treatment adaptation. This study is investigating the 
prediction of radiotherapy response in vitro for cervical cancer 
patients.   
Materials and Methods: Whole blood lymphocyte cultures were 
irradiated in vitro with low doses of gamma radiation.  The cultures 
were used for the G2 chromosomal radiosensitivity assay to assign 
each patient sample with an intrinsic radiosensitivity 
score.  Radiosensitivity data will be created and analysed for each 
patient sample. Furthermore, Real-time PCR will be conducted on 
cDNA synthesised from RNA extracted from the blood cultures to 
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identify potential biomarkers of cervical carcinoma response to 
radiotherapy. 
Results: The expected result is that each cervical cancer patient, based 
on their radiosensitivity score, will show an individual response to 
radiation for each grade of malignancy. On collecting the 
Radiosensitivity analysis, the expectation is that variations in 
individual responses will display a relationship between results & the 
possibility to allow indivualised treatment. 
Conclusion: It is anticipated this study will demonstrate the potential 
of testing individual patients for radiation response prior to therapy, 
thus resulting in more tailored treatment plans with higher efficacy. 
 
POS16-17. Chromosomal radiosensitivity of lymphocytes of 
prostate cancer patients and healthy donors analysed by 
FISH. Ekkehard Pomplun1, S. Schmitz2, K. Brzozowska2, M. 
Pinkawa3, M. Eble3, R. Kriehuber2, 1: Forschungszentrum Jülich, 
Germany 2: Forschungszentrum Jülich, Department of Safety and 
Radiation Protection, Germany 3: RWTH Aachen, University 
Hospital, Department of Radiotherapy, Germany 
 
Background: It is known that about 10 % of cancer patients show 
severe clinical side effects during and after radiotherapy due to 
enhanced sensitivity to ionizing radiation. Identification of those 
radiosensitive individuals by an in vitro assay before onset of 
treatment would be of great impact for successful radiotherapy. 
In this study we compared the radiosensitivity of the chromosomes 2, 
11 and 17 in prostate cancer patients with and without severe side 
effects after radiotherapy and in age-matched healthy donors (control 
cohort). The chromosomal radiosensitivity of peripheral blood 
lymphocytes (PBL) of radiotherapy patients was used as predictive 
parameter for clinical side effects. 
Material und Methods: Each cohort consisted of at least 10 donors. 
PBL were irradiated ex vivo with 0.5, 1 und 2 Gy (Cs-137 g-rays) in 
the G0-Phase of the cell cycle. We analyzed the radiosensitivity of the 
chromosomes 2, 11 and 17 by scoring of 100 FISH painted 
metaphases for each dose point. Statistical analyses were performed 
by non-parametric Mann-Whitney test, by test of variances (ANOVA) 
and Chi-square goodness-of-fit test at a significance level of 0.05. 
Results: Analysis of the overall aberration yield revealed no 
significant differences between any donor groups. However, variance 
analyses showed significant differences between the patient‘s cohort 
and healthy donors for chromosomes 11 and 17 for all doses analyzed. 
In contrast, this was not true for chromosome 2. Furthermore, good 
correlations between chromosomes sizes (DNA content) and 
aberration yield were found. 
Conclusion: The cohort of prostate cancer patients can be 
distinguished from healthy donors due to variances of the aberration 
yields of the chromosomes 11 and 17. These chromosomes might be 
potential cytogenetic biomarkers for prostate cancer patients in 
clinical studies. 
Funded by Dr. Erich-Schmitt –Foundation. 
 
POS16-18. Alternative changes of lymphocytopoiesis of cancer 
patients are retained during radiation therapy. Alexei N. Shoutko, 
L.P. Ekimova, V.P. Sokurenko., K.C. Matyurin., M.A. Karamullin, 
Research Centre for Radiology and Surgical Technologies, St.-
Petersburg, Russian Federation 
 
Introduction. The phases of ―turbulent‖ lymphocytopoiesis of cancer 
patients reported by us earlier [Shoutko et al., ERR2002, 2005, 2010] 
are never been taken into account in practice of cytotoxic treatment. 
The present study was performed to elucidate the question, if the 
conventional radiotherapy being started at opposite phases of 
lymphocytopoiesis is able to flatten the difference of following blood 
cell kinetics. 
Methods. Eleven patients with nonoperable cancer of oropharingeal 
zone were treated with conventional regional radiotherapy (3 Gy 
dayly×11).  The blood samples were drawn at the start of irradiation 
and during 40 days after.  The subsets of MNC with different markers 
( CD34+, CD133+, VEGFR+, TdT+, CD4+, CD8+,  CD31+, 
CD3,   were measured on FACScan flow cytometer (Beckton 
Dickinson) using AB produced by BD and DACO. 
Results. According the start values of CD34+cells and common 
lymphocytes content in blood all patients were divided on 
two  groups  I (n=5) and II (n=6) with different  M±m and   variation‘ 
coefficient (CV).In group I CD34+= 0,12±0,037 % , CV=0,29; 
Lph=(2,3±0,27 )×103 mkl-1, CV=0,26. In group II: CD34+= 0,35±0,17 
% , CV=0,49; Lph=(1,33±0,19 )×103 mkl-1, CV=0,49. Bringing the 
start‘ ratios ―Lph / every one of investigating signs‖ to scale 1.0, we 
evaluated the main relative trends for such ratios in both groups.  The 
united ratio for signs CD34+, CD133+, VEGFR+, TdT+ at 2nd and 
4th  weeks were diminished from 1.0 to 0,47  and 0,28 in group I, but 
increased to 3,6 and 1,9 in group II with pI-II=0,03 and 0,005 
correspondently. At the same time the united signs CD4+, 
CD8+,  CD31+, CD3 were increased only to 1,7 and 1,5 in group II 
and slightly diminished in group  I, namely to 0,7 and 1,1 at 2nd and 
4th weeks. Nevertheless the difference between two groups for 
matured cells were retained (pI-II =0,004 and 0,001 at 2nd and 4th 
week). 
Conclusion. The regional radiation therapy does not break the 
turbulent regime of cancer patient‘s lymphocytopoiesis. 
shoutko@inbox.ru  
 
POS16-19. DNA repair focus formation in lymphocytes of breast 
cancer patients undergoing radiotherapy. Alexandra Somsedíková, 
Cancer Research Institute, Slovak Academy of Science, Slovak 
Republic 
 
Radiotherapy is accompanied by induction of acute or postponed toxic 
side effects in normal tissues. Current radiological research efforts 
take aim at individualizing radiation treatment. Predictive assays 
would enable adjusting radiation therapy for radiosensitive patients. 
DSB is most severe damage induced by ionizing radiation. Variability 
in DSB repair is assumed to be the important factor in determination 
of individual response to radiation treatment. Several proteins form 
DNA repair foci at the locations of DSB. We analyzed 53BP1 and 
gamma-H2AX DNA repair foci in lymphocytes from breast cancer 
patients with the final goal to develop new sensitive assay for 
prediction of radiosensitive patients. Breast cancer patients were 
subjected to local radiotherapy with fractionated doses using linear 
accelerator. The acute reactions of patients were classified according 
to the RTOG criteria. Blood samples were taken before and at various 
time points during radiotherapy, as well as one month after 
radiotherapy. The data on one year after radiotherapy is going to be 
obtained. DNA  repair foci were analyzed by fluorescence (Metafer 
system)and confocal microscopy. 27 patients analyzed so far belonged 
to the Grades 0-1 with normal radiosensitivity. Radiation-induced foci 
were observed 24 h after the first fraction of 2 Gy. Afterwards, the 
levels of DNA repair foci were rather stable during the whole course 
of radiotherapy. These data suggest that lymphocytes containing foci 
are efficiently eliminated by the immune system in the Grade 0-1 
patients. The data indicated also that background level of 53BP1 foci 
in breast cancer patients is higher than in healthy persons. The level of 
spontaneous 53BP1 foci depended on age and stage of cancer at the 
moment when radiotherapy began. Radiation-induced 53BP1 foci 1 
month after completion of radiation therapy correlated with both 
spontaneous 53BP1 level before radiation therapy and stage of 
cancer.  The acute and postponed reactions will be correlated with 
dose responses and kinetics of DNA repair foci in a larger group of 
patients. 
 
POS16-20. G2-checkpoint efficiency and chromatin dynamics 
during G2-M transition mediate conversion of DNA lesions into 
irreversible chromatid breakage and underlie individual 
radiosensitivity and chromosome instability. Georgia Terzoudi, V. 
Hatzi, K. Barszczewska, G. Pantelias, NCSR "Demokritos", Greece 
 
Inter-individual variation in G2 chromosomal radiosensitivity, 
measured on the basis of radiation induced chromatid breaks in the 
subsequent metaphase, is of particular interest since increased yield of 
chromatid breaks has been reported as a marker of individual 
radiosensitivity and predisposition to cancer. Increased G2 
chromosomal radiosensitivity has been detected in several cancer 
susceptibility syndromes, most notably ataxia telangiectasia (AT) as 
well as in a high proportion of patients with a diverse range of 
cancers. These findings suggest that an increased yield of chromatid 
breaks could be a marker of radiosensitivity predisposing genes whose 
role is to respond to DNA damage. Alterations in genes that have 
evolved to facilitate DNA damage recognition using signal 
transduction pathways to activate cell cycle arrest and preserve 
chromosome integrity could underlie the increased G2 chromosomal 
radiosensitivity. Our hypothesis is that G2 checkpoint efficiency and 
chromatin dynamics during G2-M transition are important 
determinants of inter-individual variation in radiosensitivity. The 
experimental design involves G2 checkpoint abrogation by caffeine to 
obtain G2 checkpoint efficiency to minimize chromatid breakage and 
preserve chromosome integrity. For this purpose we use peripheral 
blood lymphocytes from 100 donors (healthy donors, cancer and AT 
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patients) demonstrating significant inter-individual variation in 
radiosensitivity. The results show a relationship between G2 
checkpoint efficiency and variation in G2 chromosomal 
radiosensitivity. For the involvement of chromatin dynamics during 
G2-M transition in the induction and repair kinetics of chromatid 
breaks, we use premature chromosome condensation to visualize 
interphase chromatin and conventional cytogenetics respectively. As 
chromosomes condense in cells that have passed the checkpoint at the 
time of irradiation, chromatin dynamics will exert mechanical stress 
and breakage of the unfolded for repair chromatin, presumably at the 
sites of DNA lesions. The induction and repair kinetics of chromatid 
breaks suggest that G2-checkpoint efficiency and chromatin dynamics 
in G2-M mediate conversion of DNA lesions into irreversible 
chromatid breakage that underlie individual radiosensitivity and 
chromosome instability. 
 
POS16-21. In vivo post-irradiation kinetics of γ-H2AX in 
peripheral lymphocytes after radiotherapy treatment. Helen 
Turner, M. Taveras, G. Garty, A. Bertucci, I. Deutsch, D. J. Brenner, 
Columbia University, USA 
 
Molecular biological markers of radiation response could potentially 
be of use for monitoring the progress of radiation therapy, and even 
for predicting outcome early in a treatment regimen. The γ-H2AX 
assay is widely used in radiation biodosimetry and has been shown to 
be highly sensitive and specific for the detection of double strand 
breaks (DSBs). The objective of this study was to assess the 
persistence of the γ-H2AX signal after radiotherapy treatments. 
Volunteer radiotherapy patients were recruited from the Department 
of Radiation Oncology, Columbia University Medical Center. To 
examine the kinetics of in-vivo induction expression of the γ-H2AX 
protein in blood lymphocytes, peripheral blood samples were 
collected before the start of the radiotherapy therapy treatment, after 
the 1st irradiation fraction, and 24 hrs after 1st fraction. To determine 
the decay kinetics after radiotherapy, blood samples were drawn 
immediately after the radiotherapy treatment ended, at 48 hrs and at 1 
week post exposure. Immunofluorescence analysis was performed on 
isolated lymphocytes exposed to an anti-human γ-H2AX monoclonal 
antibody and visualized using an Alexa Fluor 555 secondary antibody, 
counterstained with the nuclear stain DAPI. Quantification of γ-H2AX 
yields was determined by measuring the total γ-H2AX nuclear 
fluorescence per lymphocyte(1). To date, we have recruited 8 cancer 
patients who have received a targeted radiotherapy regimen of 1.8-2 
Gy per dose to the pelvic region. The mean total blood dose was 
calculated to be in the range 2-4 Gy. Although patient recruitment and 
analyses are ongoing; early results showed a detectable induction of γ-
H2AX expression after the 1st fraction with γ-H2AX yields increasing 
significantly in samples collected at the end treatment. Post-irradiation 
kinetics showed variability in the decay of γ-H2AX signal, with some 
patients showing a slower decay of the γ-H2AX signal between days 2 
and 7 compared to others. The variation in the persistence of γ-H2AX 
yields up to 7 days post exposure, suggests that inter-individual 
variation may play an important factor in the efficiency of DNA 
double strand repair following in vivo irradiation.(1) Turner et al. Rad. 
Res. 2011; 175(3):282-90. Work supported by NIAID grant 5 U19-
AI067773 and NIEHS grant 1R21ES019494  
 
POS16-22. Overexpression of SKP2 promotes the radiotherapy 
resistance of esophageal squamous cell carcinoma. Xiaochun 
Wang, Institute of Radiation Medicine, Chinese Academy of Medical 
Science, China 
 
SKP2 is the substrate recognition subunit of the SCFSKP2 ubiquitin 
ligase complex. It is implicated in ubiquitin-mediated degradation of 
the cyclin dependent kinase (CDK) inhibitor p27KIP1, and positively 
regulates the G1/S transition. Overexpression of SKP2 has been found 
in many kinds of tumors. In the present study, we found that SKP2 
expression level increased in esophageal squamous cell carcinoma 
tissues. Elevated expression of SKP2 correlated significantly with 
tumor stage and positive lymph node metastasis (p<0.05). Moreover, 
significantly negative correlation was found between SKP2 expression 
and the survival of patients who received radiotherapy (p<0.05). At 
the molecular level, forced expression of SKP2 promoted the radio-
resistance ability of EC9706 cells. Knockdown of SKP2 expression 
sensitized cancer cells to radiation and a wobble mutant of SKP2 that 
was resistant to SKP2 siRNA can rescue this effect. Increased or 
decreased expression level of SKP2 had effects on Rad51 expression 
in the condition of radiation. These results demonstrate for the first 
time that overexpression of SKP2 correlated with the increased 
radiotherapy resistance of esophageal squamous cell carcinoma. 
Elevated expression of SKP2 promoted the radio-resistance of cancer 
cells and this effect was mediated at least in part by Rad51 pathway. 
 
POS16-23. Expression and function of miRNA in postoperative 
radiotherapy sensitive and resistant patients of non-small cell lung 
cancer. Xiaochun Wang, Institute of Radiation Medicine, Chinese 
Academy of Medical Science, China 
 
Purpose: To investigate the different miRNA expression profile of 
postoperative radiotherapy sensitive and resistant patients of non-
small cell lung cancer, explore their potential role and find some 
radio-sensitivity markers. 
Materials and methods: Thirty non-small cell lung cancer patients who 
have been treated by postoperative radiotherapy were selected and 
were divided into radiotherapy sensitive group and resistant group 
according to overall survival and local or distant recurrence rate. 
Expression profile of miRNA in these two groups was detected by a 
microarray assay and the results were validated by quantitative RT-
PCR and northern blot. At the molecular level, the effect of one 
differently expressed miRNA (miRNA-126) on the growth and 
apoptosis of SK-MES-1 cells induced by irradiation was examined. 
Results: Comparing with resistant patients, five miRNAs (miRNA-
126, miRNA-let-7a, miRNA-495, miRNA-451, miRNA-128b) were 
significantly upregulated and seven miRNAs (miRNA-130a, miRNA-
106b, miRNA-19b, miRNA-22, miRNA-15b, miRNA-17-5p, miRNA-
21) were greatly downregulated in radiotherapy sensitive group. 
Overexpression of miRNA-126 inhibited the growth of SK-MES-1 
cells and promoted its apoptosis induced by irradiation. The 
expression level of p-Akt decreased in miRNA-126 overexpression 
group. After treating with phosphoinositidyl-3 kinase (PI3K) 
constitutively activator (IGF-1) and inhibitor (LY294002), miRNA-
126 overexpression had no significant effects on the apoptosis of SK-
MES-1 cells induced by irradiation.. 
Conclusion: We found twelve differently expressed miRNAs in the 
radiotherapy sensitive and resistant non-small cell lung cancer 
samples. Moreover, our results showed miRNA-126 promoted non-
small cell lung cancer cells apoptosis induced by irradiation through 
the PI3K-Akt pathway. 
Keywords: miRNA; radiotherapy sensitivity; apoptosis; NSCLC; 
PI3K-Akt pathway 
 
POS16-24. Relationship between acute reactions to radiotherapy, 
micronucleus yields in lymphocytes and SNP polymorphisms in 
XRCC1, XRCC3, OGG1 genes in cervix cancer patients treated 
by external beam radiotherapy. Aneta Wegierek-Ciuk1, M. 
Arabski2, H. Lisowska3, A. Banasik-Nowak3, P. Kedzierawski4, A. 
Florek4, S. Gozdz4, A. Wojcik5, A. Lankoff6, 1: Dept. of Radiobiology 
and Immunology, Jan Kochanowski University, Kielce, Poland 2: 
Dept. of Microbiology, Jan Kochanowski University in Kielce, Poland 
3: Dept. of Radiobiology and Immunology, Jan Kochanowski 
University, Kielce, Poland 4: Cancer Centre, Kielce, Poland 5: Dept. 
of Radiobiology and Immunology, Jan Kochanowski University, 
Kielce, Poland and GMT Department, Stockholm University, Sweden 
6: Dept. of Radiobiology and Immunology, Jan Kochanowski 
University, Kielce, Poland and Institute of Nuclear Chemistry and 
Technology, Warsaw, Poland 
 
The goal of curative radiotherapy is to inactivate all tumor cells 
without severely damaging the surrounding normal tissue. For many 
tumors, the applicable dose and therefore the chance of cure is limited 
by the risk of side effects. Despite numerous investigations on the 
relationship between side effects after radiotherapy and 
chromosomal in vitro radiosensitivity of lymphocytes, the obtained 
results are contradictory. Therefore, alternative approaches are 
required to predict an enhanced risk of side effects. 
The aim of our study was to assess, in cervix cancer patients, a 
possible relationship between acute reactions to radiotherapy, SNP 
polymorphisms in genes involved in DNA repair and chromosomal 
radiosensitivity in vivo after the equivalent whole-body dose during 
therapy. 
30 cervix cancer patients were randomly selected. For each patient, 
the maximum score of any acute reaction to radiotherapy was assessed 
using the RTOG/EORTC scale. Blood samples were collected before 
the start of radiotherapy, 3 weeks after the start of radiotherapy and at 
the end of the treatment. From each donor the following endpoints 
were analyzed: 
- Analysis of SNP polymorphism: DNA was isolated from the 
lymphocytes and run for RFLP-PCR. 
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- Analysis of micronuclei: Micronuclei (MN) were scored in 
lymphocytes collected before, during and after therapy as well as 
following an in vitro exposure to 2 Gy gamma rays. Medical 
examination of cervix cancer patients revealed low grade of acute 
reactions to radiotherapy in relation to rectum, bladder and 
skin.However, significant differences in polymorphisms of DNA 
repair genes and in vivo/in vitro cellular radiosensitivity of 
lymphocytes from cervix cancer patients were observed. There was 
relationship between acute response to radiotherapy and in vivo/in 
vitro chromosomal radiosensitivity as well as SNP polymorphisms in 
XRCC1, XRCC3, OGG1 genes. However, the genotype GG in 
XRCC1 at codon 339 and the genotype GG in XRCC3 at codon IVS5-
14.893 correlated significantly with the increased frequency of MN 
induced in vivo and in vitro. These results are currently tested on a 
larger population of cervix cancer patients. 
 
POS16-25. γH2AX and chromosome damage in human 
lymphocytes as potential biomarkers of radiation sensitivity. Ruth 
Wilkins1, L. A. Beaton1, C. Ferrarotto1, N. Ringuette1, S. Samiee2, S. 
Malone2, 1: Health Canada, Canada 2: Ottawa Hospital Cancer 
Centre, Canada 
 
Cancer patients undergoing radical adiotherapy vary in their response 
to treatment.  For example, severe late proctitis develops in 
approximately 5% of prostate cancer patients treated with 
radiation.  For this reason, the development of an in vitro assay for 
radiation response would allow radiosensitive patients to be identified 
prior to treatment and considered for alternative therapy or tailored 
doses.  The purpose of this study is to examine the in vitro γH2AX 
response in blood samples from patients who have shown severe late 
radiation toxicity in order identify markers for radiosensitivity. 
Concurrently, cytogenetic endpoints have been examined as potential 
markers for radiosensitivity in addition to providing additional 
information about the mechanisms of radiosensitivity.  Patients were 
selected from a randomized trial evaluating the optimal timing of 
Dose Escalated Radiation (76 Gy) and short course Androgen 
Deprivation Therapy for intermediate-risk prostate cancer.  Of the 430 
patients included in the trial, the 3% that developed grade 3 late 
proctitis were considered radiosensitive. Blood samples were taken 
from 10 patients in this radiosensitive cohort along with matched 
samples from patients with no late proctitis and the in vitroγH2AX 
time and dose responses in lymphocytes and lymphocyte subsets were 
examined along with cytogenetic endpoints.  The dose course 
experiment was conducted with 6 dose points (range 0-10 Gy), 
processed 1 hour after irradiation. The time response of γH2AX was 
also monitored, with 2 Gy irradiated samples being incubated for 0 to 
24 hours before processing and analyzed by flow cytometry.  In 
addition, control and 6 Gy irradiated blood samples were analyzed for 
chromosome aberrations and excess fragments per cell.  At 6 Gy, the 
mean number of excess fragments per cell in the radiosensitive cohort 
was significantly higher than in the control cohort and there was a 
trend toward higher number of aberrations per cell. In a subset of the 
data for the radiosensitive population, the γH2AX response tended to 
be higher in the time course experiment. These preliminary results 
suggest the existence of potential markers for radio-sensitivity which 
maybe useful for tailoring radiotherapy treatments.  
 
POS16-26. Combinational Effects of Sanguinarine with Radiation 
in Breast Cancer Cells.  Jia Ying Xu, S. Fan, L. Zhao, Y. Jiao, 
Soochow University, Suzhou, China 
 
OBJECTIVE: To investigate the in vitro and in vivo effects of 
sanguinarine on radiosensitivity of breast cancer cells. METHODS: 
Cell survival was determined by colony forming assay; Cell viability 
was measured by MTT; Apoptosis was assayed by annexin-V 
staining. In vivo radiosensitization of sanguinarine was assessed in 
C57/BALB/C nude mice with MDA-MB-231 xenografts. RESULTS: 
Sanguinarine significantly enhanced the radiation-caused inhibition of 
growth of breast cancer cell lines, MCF-7 and MDA-MB-231, SER 
was 1.79 and 1.54 for MCF-7 cells and MDA-MB-231 cells, 
respectively. In nude mice bearing MDA-MB-231 cell xenografts, 
sanguinarine significantly increased tumor sensitivity to irradiation. 
CONCLUSIONS: Our present studies for the first time indicate that 
sanguinarine enhanced the radiosensitivity of breast cancer cells in 
vitro and in vivo, which provides a rationale for the clinical 
application of sanguinarine in combination with radiation in breast 
cancer. 
 
POS16-27. Heritability of radiation-induced injury in bxd 
recombinant inbred strains: the genetics of hematopoietic-acute 
radiation syndrome. Charles R. Yates1, K. E. Thompson2, G. J. 
Tigyi2, R. W. Williams2, L. 2, J. J. Toutounchian2, 1: The University of 
Tennessee Health Science Center, USA 2: UTHSC, USA 
 
Purpose: Genetic predisposition to high dose ionizing radiation-
induced injury is invaluable in understanding the cellular mechanisms 
and relevant pathways linked to Hematopoietic-Acute Radiation 
Syndrome (H-ARS). By mirroring the genetic complexities of the 
human population we aim to establish a model that identifies high-
impact genomic variables contributing to the degrees of radiation-
sensitivity. Recombinant inbred (RI) strains; in particular, the BXD 
family of strains affords us with such a paradigm to examine the 
genomic variation-physiological response relationship. 
Methods: Radiation biology, environmental genetics: High-dose total 
body gamma-irradiation survival (days) for 12-week-old females; 
BXD (40 strains, n = 2-5 animals/strain) and C57BL/6J parental 
cohort (n= 12). Mean Survival Time after a 137-Cesium; 6 Gy single 
exposure; LD80/30 evaluated over 30 days post-exposure, no 
supportive care. MST variation was submitted to GeneNetwork (BXD 
trait 12684 at www.genenetwork.org). This web service includes 
dense genotypes of extensive phenotype data for many genetic 
reference populations, including the BXD family of ~80 strains. MST 
data were correlated against hematopoietic gene expression data sets 
and the top 500 covariates of MST were submitted for gene ontology 
analysis at WebGestalt (http://bioinfo.vanderbilt.edu/webgestalt). 
Results: We show an ~8-fold genetic variation with an estimated 
heritability (h2) ≅ 0.7 (MST F-ratio: 5.005; p ≤ 0.0001) between 40 
BXD strains revealing significant inter-strain variability following 
TBI. Quantitative Trait Loci (QTL) maps were generated revealing a 
correlation between genotype/phenotype at chromosomes 2, 15, and 
17 (p= 0.001; 0.006; 0.002, respectively; uncorrected for multiple 
tests). BXD trait 10056:Hematopoietic stem cell pool size, covaries 
with MST via negative correlation (Pearson coefficient -0.816; p = 
0.001). 
Conclusions:Radiation susceptibility among the BXD strains shows 
an ample heritability estimate of 0.7 signifying genetic predisposition 
as an essential dynamic in radiation-induced injury. We were able to 
identify linkages between chromosome regions and variation in MST. 
Our model shows great potential in mirroring the extensive heritable 
complexities seen in human populations to identify and unravel the 
causative elements of radiation-induced injury. 
 
POS16-28. Residual γ-H2AX foci as a predictor of severity of 
acute reactions in head and neck cancer patients undergoing 
chemo-radiotherapy. Bola Sadashiva Satish Rao1, G. HV1, K. D 
Mumbrekar1, G. KP2, V. BM3, S. K4, 1: Division of Radiobiology & 
Toxicology,Manipal Life Sciences Centre, India, 2: Division of 
Biotechnology, Manipal Life Sciences Centre, India 3: Manipal 
Hospital, Bangalore, India 4: Division of Biotechnology, Manipal Life 
Science Centre, India 
 
Acute reactions (oral mucositis and skin reactions) are major 
complications seen in patients treated with chemo/radiotherapy for 
head and neck cancer which may lead to hospitalization and treatment 
interruptions and may compromise the quality of life. Therefore, there 
is much interest among radiation oncologists for the prior detection of 
inherent radiosensitivity as an indicator for severity of acute reactions. 
Therefore the objective of the study was to correlate the severity of 
oral mucositis and skin reactions with the radiation induced residual 
double strand breaks (DSBs) in lymphocytes analysed before the 
initiation of radiotherapy.The inherent cellular radiosensitivity was 
measured in lymphocytes treated with challenge dose of X-ray 
irradiation and the DNA damage/repair was assessed by γ-H2AX foci 
analysis, neutral comet assay and a modified version of neutral filter 
elution. The severity of acute reactions was graded after the 
completion of radiotherapy according to the Radiation Therapy 
Oncology Group (RTOG) criteria. All the assays demonstrated 
remarkable interindivudial difference with respect to damage 
induction as well as residual damage. Residual DSBs analysed by all 
the three methods was considered for correlating the severity of acute 
reactions. Correlation of acute reactions with residual γ-H2AX foci 
revealed statistically significant difference between RTOG grade 0, 
1&2 and grade 3&4 in comparison to neutral comet assay and filter 
elution. Also, the number of residual γ-H2AX foci increased with the 
severity of acute reactions. In conclusion, determination of inherent 
cellular radiosensitivity by analyzing residual γ-H2AX can serve as a 
biomarker for predicting the severity of acute reactions before the 
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initiation of radiotherapy. Thus patients may have the benefit of 
opting for altered radiotherapy regimens for the minimal adverse 
effects with improved tumor cure. 
Acknowledgements: The financial support from Department of 
Biotechnology, Government of India (BT/01/COE/06/02/07) is 
gratefully acknowledged. 
 
POS16-29. Polymorphisms in DNA double strand break response 
pathway and its impact on radiosensitivity. Goutham Hassan 
Venkatesh1, K. D Mumbrekar1, B. M. Vadhiraja 2, K. P. Guruprasad 3,  
K. Satyamoorthy3, B. Satish Rao1, 1: Division of Radiobiology & 
Toxicology, Manipal Life Sciences Centre, India 2: Manipal Hospital, 
Bangalore, India 3: Division of Biotechnology, Manipal Life Sciences 
Centre, India  
 
Radiation induced double strand breaks (DSB) are the most critical 
lesions and lack of repair or misrejoining plays a key role in genomic 
instability. Individuals hypersensitive to ionising radiation are 
considered deficient in DSB repair and/or display chromosomal 
instability. NHEJ represents the major DSB repair pathway in G0/ G1 
phase and is involved in the repair of radiation induced DSBs in 
lymphocytes. Considering the importance of DNA DSB repair in 
normal tissue response to radiation, SNPs in the genes responsible for 
DNA damage signaling and repair pathways are suitable candidates in 
the search for the genetic basis of normal tissue radiosensitivity. In the 
present study, we attempted to investigate association between genetic 
polymorphisms in DSB recognition and repair genes (ATM, NBS1, 
Ku70, Ku80, Lig IV and XRCC4) and DSB repair activity in a general 
healthy population. The inherent cellular radiosensitivity was 
measured in lymphocytes treated with challenge dose of 2Gy X-ray 
irradiation and the DNA damage/repair was assessed by γ-H2AX foci 
analysis. Genotyping of selected candidate gene polymorphisms was 
done using PCR-RFLP method. The correlation between genotype and 
DSB repair capacity was assessed using Mann-Whitney test. There 
was significant interindividual variation with respect to damage 
induction as well as repair of DSBs. The rs3835 polymorphism in 
Ku80 gene was significantly associated (p <0.05) with the reduction in 
repair capacity. 
Acknowledgements: The financial support from Department of 





POS17-01. Assessment of annual effective dose due to natural 
gamma radiation in Guilan-IRAN. Mohsen Asadinezhad, S. 
Aghayari, S. Basirjafari, S. Mohammad Poorabas, Guilan University 
of Medical Sciences, Iran 
 
This study assesses the indoor and outdoor natural gamma dose rates 
in air of 49 cities in Guilan province of IRAN. The measurements 
were taken from 260 different sample points by a Geiger-Muller 
dosemeter. The average indoor dose rates were determined as 109±25 
nSv/h with the range of 82 to 138 nSv/h. The outdoor gamma dose 
rates order from 65 to 127 nSv/h with the mean of 94 ± 24 nSv/h. The 
average annual effective dose was calculated as 0.64 mSv which is 
more than the worldwide value. 
 
POS17-02. Radioprotection of biological diversity – a major 
contradiction and impossibility. B. Cedervall1,2, and A.B. Cox3, 1. 
Department of Clinical Science, Intervention and Technology, 
Division of Radiology and Medical Radiation Physics, Department of 
Oncology and Pathology, Karolinska Institutet 2. Radiation 
Protection, Nuclear Safety, Vattenfall Power Consultant AB, 
Stockholm, Sweden 3. Late radiation effects group, Colorado Springs, 
CO, USA. 
 
The purpose of this work is to analyze one aspect of radioprotection of 
the environment – sampling data for individuals to draw conclusions 
relating to sustainability in the sense of population genetics and 
biological diversity. For a context, see ICRP Publication 108. 
The considerations here come from reasoning based on the theory of 
evolution and biological species which is, as we show, contradicts the 
use of a reference organism and the attempt to protect biological 
diversity from ionizing radiation. 
The problem and analysis here includes several subtopics: 
Insufficiently defined statements relating to extrapolations from 
individuals of a species to the level of population dynamics. The 
reference organism is physical (or typological, see works by E. Mayr 
for an explanation) where the ―average‖ is important whereas a 
species has genetic outliers – far from the ―average‖ and where those 
outliers dominate the chance for survival under extreme conditions. 
Ignorance of the effects of the natural production of genetic variation 
(chromosomal reassortment, mutations etc) as well as of the effects of 
selection – against what does not work so well – poorly adapted 
phenotypes can never be selected for. The value of a gene mutation 
(―good‖ or ―bad‖) must be seen in a genetic and environmental 
context. The ignorance includes lack of appreciation for the complex 
statistical phenomena and the impossibility of predicting outcomes of 
population dynamics where many important changes will be due to 
unforeseeable events as well as gradual fluctuations. This was 
essentially understood more than forty years ago. Reference man was 
essentially developed to protect humans from harmful effects on a 
somatic level. The issue never included radioprotection of human 
(genetic) diversity. The endpoint biodiversity is new to 
radioprotection and cannot, because of the brutal selection processes 
which prevail in Nature against individuals, be harmonized with the 
radioprotection system for humans, where (for understandable 
reasons), everything possible has been done to escape the mechanisms 
of selection. 
Conclusion: No meaningful hypothesis which relates to harmed 
biodiversity can be tested and no predictions relating to effects on a 
population level can be achieved by collecting data on radioactivity or 
mutations in individuals. 
 
POS17-03. Soil-to-rice transfer of radiocesium and 
radiostrontium as affected by simultaneous additions of K and 
Ca. Yong-Ho Choi, K. Lim, I. Jun, D. Keum, I. Kim, Korea Atomic 
Energy Research Institute, South Korea 
 
As learned from Chernobyl and Fukushima nuclear accidents, 
radiocesium and radiostrontium are two of the most important 
radionuclides in terms of radioactive contamination of arable soil by a 
nuclear accident. In order to lower the ingestion radiation dose due to 
an accident, therefore, soil-based countermeasures may be necessary 
to reduce the uptake of radiocesium and radiostrontium by food crops. 
It is well known that K and Ca compete with radiocesium and 
radiostrontium, respectively, for root uptake. A greenhouse 
experiment was performed to investigate the effect of the 
simultaneous addition of K and Ca on the rice uptake of soil 
radiocesium and radiostrontium. Blocks of an undisturbed paddy soil, 
6.5 in pH and 3.05% in organic matter, were taken into small 
lysimeters and top soils were mixed with a solution containing 137Cs 
and 85Sr using a garden trowel. Fertilizer KCl and slaked lime were 
simultaneously added for K and Ca, respectively, to the labeled soils 
at 6 different dosages – 0/0 (control), 7.2/69, 19.2/184, 33.6/322, 
48/460 and 72/690 as K/Ca (g m-2), and top soils were mixed again. 
Rice seedlings were transplanted and grown for 130 d. The 
concentrations of 85Sr and 137Cs in rice seeds and straws were 
determined by means of gamma spectrometry. Soil-to-plant transfer 
of 85Sr and 137Cs was quantified with a transfer factor (m2 kg-1-dry) 
defined as the ratio of the plant concentration (Bq kg-1-dry) to the 
deposition density (Bq m-2). TF values of 137Cs and 85Sr for control 
plants were 2.6ⅹ10-4 and 2.2ⅹ10-2, respectively, for straws, whereas 
corresponding values for hulled seeds were 7.4ⅹ10-5 and 2.1ⅹ10-4, 
respectively. For 137Cs, TF values for both the parts decreased with 
increasing dosages up to 33.6/322 and for 85Sr the same occurred 
toward a dosage of 48/460. Rice uptake of 137Cs and 85Sr as a whole 
decreased by about 60% at the maximally-decreasing dosages. 
Beyond these dosages, TF values increased with increasing dosages or 
hardly changed. The dosage of the maximum decrease for 137Cs led to 
as high as 56-57% decreases for 85Sr, too. These present results 
indicate that a dosage of 33.6/322 may be the most appropriate level 
for a countermeasure against a mixed deposition of radiocesium and 
radiostrontium. It is, however, necessary to note that the effect of K 
and Ca addition may differ among soils and among plant species. 
 
POS17-04. Estimation of gamma radiation dose in the forest on 
the area of the Opole Anomaly (PL). Agnieszka Dołhańczuk-
Śródka, Z. Ziembik, M. Wacławek, Independent Chair of 
Biotechnology and Molecular Biology, Opole University, Poland 
 
The study assessed the radiological risks associated with the presence 
of natural and artificial radionuclides in the forest on the area of the 
Opole Anomaly (PL). Using the conversion factors given by 
UNSCEAR and the measurements results of 232Th, 238U, 40K and 137Cs 
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specific activities in the 10 cm soil layer the values of absorbed dose 
(D) and the annual effective dose equivalent derived from terrestrial 
gamma radiation (E) were calculated. Calculated values of gamma 
radiation doses are lower than the dose limit set out by the Council of 
Ministers Ordinance of 18 January 2005 (Regulation of the Council of 
Ministers (Poland) 2005). The data obtained are important both for 
assessing the risk for human health as well as environmental 
radiobiomonitoring. The results can be used as a reference point for 
radiological mapping in the forest on the area of Opole Anomaly. 
Key words: radiological hazard, radionuclides, radiation dose. 
 
POS17-05. Distribution of the physicochemical forms of 
strontium-90 and caesium-137 in freshwater mussels within the 
Chernobyl exclusion zone. Christina Ganzha1, D. Gudkov2, V. 
Klenus2, 1: Department of Freshwater Radioecology, Institute of 
Hydrobiology of the National Academy of Sciences of Ukraine, 
Ukraine 2: Department of Freshwater Radioecology, Institute of 
Hydrobiology of the National Academy of Sciences of Ukraine, 
Geroyev Stalingrada Ave. 12, UA-04210 Kiev, Ukraine 
 
The bivalved mollusks play a significant role in the processes of 
radionuclide redistribution and bioaccumulation in freshwater 
ecosystems. Due to 90Sr and 137Cs are the chemical analogous of the 
biophil elements, it is a reason to study of radionuclide 
physicochemical forms in the bivalved mollusks and their subsequent 
migration ability. The aim of this study was an analysis of 90Sr 
and 137Cs physicochemical forms in the bivalved mollusks zebra 
mussel (Dreissena polymorpha Pall.) and swollen river mussel (Unio 
tumidus Phil.) from water bodies of the Chernobyl exclusion zone. 
Sampling was executed in the Chernobyl NPP cooling pond and in 
Daleke Lake, located on a distance 4 km from the destroyed unit. The 
physicochemical forms of 90Sr and 137Cs in mussels were determined 
by the method of step-by-step extraction. The body of mussels divided 
on shells and soft tissues which analysed separately. Measuring of 
radionuclide specific activity in preparations, made by radiochemical 
method, conducted using beta- and gamma-radiation-measurement 
equipment. . Study of radionuclide distribution in the zebra mussel‘s 
shells showed that prevailing part is localized in organic form, mineral 
residue and carbonate form (137Cs - 43, 27, 18 %; 90Sr - 38, 39, 21 % 
respectively). The results of analysis in soft tissues showed substantial 
predominance of 137Cs. Most of its part registered in a form, related to 
the organic matter (47 %), prevailing part of 90Sr - in intracellular 
form (54 %). The 137Cs in the swollen river mussel‘s shells is found 
mainly in exchange form and mineral residue (37 and 33 % 
respectively). Prevailing part of 90Sr is found in water-soluble and 
carbonate forms (43 and 53 % respectively). Part of 90Sr in exchange 
form amounts 4 %. The data of radionuclide fractionation in soft 
tissues of the swollen river mussel showed predominance of 137Cs 
and 90Sr in exchange form (78 and 47 % respectively). Predominance 
of 90Sr in intracellular form (41 %) it is possible related to 
radionuclide localization in the cell cytoplasm. Both 137Cs and 90Sr 
content in the form related to the organic matter is insignificant (7 and 
12 % respectively). It is determined, that the physicochemical forms 
of 90Sr and 137Cs in different parts of body in both studied species of 
mussels are distributed unevenly. 
 
POS17-06. Accumulation of artificial radionuclides in water-soil-
plant system in different zones of influence of the Armenian 
nuclear power plant. Laura Ghalachyan, K. Kocharyan, L. 
Tadevosyan, A. Aristakesyan, A. Asatryan, Institute of Hydroponic 
Problems, Armenia 
 
Artificial radionuclides (90Sr, T1/2=28.6 years, 
137Cs,T1/2=30.1 years) 
dangerous for health are released to ecosystems because of human 
influence in the field of nuclear energetics.  90Sr and 137Cs can 
penetrate into human organism through water-soil-plant chain. 
Armenian NPP (opened in 1976, operated till 1989, reoperated in 
1995) is in a densly populated area of the Ararat Valley (is 850-900 m 
above sea level, precipitation is 560-700 mm) with intensive 
agriculture. ANPP uses the water of the Metsamor River which starts 
from Lake Akna. Unbalance waters of the ANPP fall into the 
Metsamor River which is used for irrigation of the soils. In this region 
it is profitable economically but not ecologically. Since 1996 we have 
carried out radiomonitoring researches in water-soil-plant ecosystems 
in  zones of the ANPP with a radius of 2-15 km, 30 km (territory of 
the IHP) and  90km (territory of the Dilijan Forest Experimental 
Station,  is 1400-1500 m above sea level, precipitation is 660-
750mm). The aim of the studies is to develop practical radioprotective 
activities for getting ecologically pure food. It turned out that the 
content of 90Sr exceeded 137Cs in drinking water near the ANPP 8.8 
times, in the territory of the IHP 5.0 times and in the territory of the 
DFES 6,2 times.  It turned out that the content of  90Sr exceeded 137Cs 
in irrigation water near the ANPP 10 times, in the territory of the IHP 
7.1 times. The content of 90Sr exceeded 137Cs in 0-30 cm soil layer 1.1 
times in the territory of the ANPP and in the territory of the DFES. 
The drinking water in the territory of the ANPP exceeded the drinking 
water of the IHP and DFES with the content of 90Sr 1.7; 2.2 
and 137Cs  1.0; 1.6 times. The irrigation water in the territory of the 
ANPP exceeded the irrigation water of the IHP with the content 
of 90Sr and 137Cs 1.5; 1.1 times. In the surrounding soils of the ANPP 
the content of 90Sr and 137Cs in 0-30 cm soil layer exceeds that of the 
IHP and DFES 1.8; 1.4 and 1.3; 1.4 times correspondingly. In the 
surroundings of ANPP in the leaves of Thuya and gramma the content 
of 90Sr and 137Cs exceeds that of the IHP 1.7; 1.2 and 1.5; 1.2 times 
correspondingly. the content of 90Sr and137Cs in water-soil-plant 
system doesn‘t exceed the Maximum Allowed Concentration Limit. 
The researches have been implemented since 2011 in the context of 
project 11-1f 262 of Ministry of Science of RA. 
 
POS17-07. Radiobiological experiments with cells from 
hepatocellular hepatocellular carcinoma for BNCT.  Catrin 
Grunewald1,2, Dorothee Iffland2, Tanja Peters1, Christian 
Schütz2, Tobias Schmitz1,2 Heinz Schmidberger3, Peter Langguth1, 
Gabriele Hampel2, 1: Department of Pharmacy and Toxicology, 
University of Mainz, Mainz, Germany, 2: Institute for Nuclear 
Chemistry, University of Mainz, Mainz, Germany, 3: Department of 
Radiooncology, University of Mainz, Mainz, Germany 
 
Effects of ionizing irradiation on biological systems are of interest to 
radiotherapy, therefore we engaged in experiments with a human 
hepatoma cell line with the aim to calculate the survival of cells 
depending on different doses, incubation times and boron 
concentration of with p-boron-phenylalanine. 
For this purpose, the cell line of type Huh7 is selected, which stems 
from a well-differentiated hepato cellular carcinoma. The cells‘ media 
were treated with p-boron-phenylalanine (BPA) enriched 
with 99%10B before the cells were irradiated with neutrons or photons 
in a range between 1 and 30 Gy. The irradiation facility providing a 
thermal neutron beam is the TRIGA Mark II reactor at the University 
of Mainz whereas the irradiation with photons takes place at the 
university hospital, the source in use is a 60Co gamma-ray emitter. At 
two different times after irradiation we measured the vitality of cells 
with a cell proliferation assay that uses 3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyl-tetrazoliumbromide (MTT). 
In a second part of the cell experiments, we focus on the effect of 
transstimulation. To increase the boron concentration inside the cells 
and thereby the biological effect we use the amino acid tyrosine as 
transstimulater which is given some hours before the application of 
BPA. Tyrosine is structurally related to phenylalanine and use the 
same transport system. The boron concentration is measured 
afterwards by inductively coupled plasma mass spectrometry (ICP-
MS). 
With our assay we achieved different survival curves offering typical 
RBE-values between 3 and 5. The best biological effects are achieved 
after 2,5 hours of BPA-uptake (20ppm). The most successful 
conditions of preloading are 2 hours of tyrosine uptake beforehand the 
boron application. Thereby the boron uptake can be increased by the 
factor of 2.5. 
 
POS17-08. The investigation chronic diseases of workers uranium 
mining enterprises in nothern Kazakhstan. Polat Kazymbet1, K. 
P.K., Bakhtin M.M., Bekenova F.K.2, 1: Medical university Astana, 
Institute of radiobiological researches, Kazakhstan 2: Institute of 
radiobiological researches, Medical university Astana, Kazakhstan 
 
Extraction and processing of uranium in Kazakhstan produced over 
several decades and issues of radiation safety of staff uranium mining 
enterprises and the population of adjacent territories are important. 
The paper presents data of radio-ecological research in Northern 
Kazakhstan, conducted in 27 population localities: automotive and 
pedestrian scale survey, measuring the equivalent equilibrium volume 
activity on radon in indoor air, radio spectrometric and radiochemical 
analysis of samples of the environment and evaluation to radiation 
exposure of critical groups of population. Clinical and clinical-
laboratory studies of stuff uranium mining enterprises were carried 
out, has been studied the prevalence of the most important chronic 
diseases of internal organs from 912 workers uranium processing 
enterprises and 788 workers from bearing plants as a comparison 
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group. Among all the diseases of internal organs from workers to 
uranium processing in development dominated hyperplasia of the 
thyroid gland (19,4%), hypertension (24.8%), chronic gastritis 
(17,5%), chronic bronchitis (19,4%). Calculated the relative risk of 
each disease using the procedure of the Mantel- Hanzel. In turn out 
that the workers of the development in uranium processing even 
comparable to comparison group of age, length of service, predictors 
of disease relative risk of hypertension was higher in the 2.91, chronic 
gastritis in 2.1, chronic bronchitis in 2.8.  
 
POS17-09. Induced DNA damage and somatic mutations in 
tobacco plants exposed to ionizing radiation and chemical 
mutagens. Jin Kyu Kim1, J. Park1, T. Ho Ryu1, T. Gichner2, 1: Korea 
Atomic Energy Research Institute, South Korea 2: Institute of 
Experimental Botany, Czech Republic 
 
Ionizing radiation induces DNA damage in cells through energy 
deposition and free radiacal formation. DNA lesions can be detected 
by the single cell gel electrophoresis (SCGE) assay while somatic 
mutations can be visually scored in some plants such 
as Tradescantia BNL 4430 (T-4430), and Nicotiana 
tabacum var.xanthi (NTX). Pink mutations of T-4430 have been 
widely used as a good endpoint for detecting genetic effects of 
ionizing radiation. Detection of airborne radioactivities by the 
increased mutation frequencies after the Chernobyl accident was an 
interesting example. The NTX assay makes it possible to compare, on 
the same plants under identical treatment conditions, the induced 
DNA damage as measured by the SCGE assay with the induced 
somatic mutations on leaves. This study was done to compare the 
induced DNA damage with somatic mutation frequency in NTX, and 
test applicability of NTX to environmental monitoring. Irradiation of 
tobacco seedlings resulted in about 500 fold increase in somatic 
mutations after the dose of 10 Gy. The increase in the somatic 
mutations is correlated with the increase of DNA damage measured 
immediately after irradiation by the SCGE assay. With increasing 
radiation dose, the tail moment as an indicator of induced DNA 
damage, significantly increased in the 10 Gy irradiated cells. 
However, nuclei isolated from leaves 24 hours after irradiation did not 
show a significant increase in tail moment values over the negative 
control. By contrast, DNA damage induced after the treatment of 
mutagen (EMS, 2 mM) was significantly higher than the DNA 
damage of the negative control. While radiation induced DNA 
damage, measured by the SCGE assay, is readily repaired within 24 
hours, DNA damage induced by EMS persisted over 72 hours after 
treatment without significant reduction. Even after 4 weeks the 
amount of DNA damage in nuclei isolated from mature leaves treated 
with EMS were significantly higher than that of the controls. The 
SCGE assay may detect DNA damage inflicted by some chemical 
mutagens long periods after the initial exposure. It is recommended 
that somatic mutations be scored together for the biomonitoring 
purpose as the DNA damage assessed by the SCGE assay in nuclei 
isolated from the plant leaves is not suitable alone for monitoring 
ionizing radiation. 
 
POS17-10. Modeling of strontium-90 intake in mouse-like rodents 
at East-Ural radioactive trace. Georgy Malinovsky1, I. 
Yarmoshenko1, V. Starichenko2, M. Modorov2, 1: Institute of 
Industrial Ecology, Russian Federation 2: Institute of Plants and 
Animal Ecology, Russian Federation 
 
Assessment of contemporary radiation exposure of non-human biota 
at territories of East-Ural Radioactive Trace on the sites with the 
initial (1957) density of surface contamination by Sr-90 ranged from 
0.74 to 18.5 MBq/m2 was performed. Following species of mouse-like 
rodents that are representative of small mammal component of the 
affected ecosystem were used: Apodemus uralensis, Myodes 
rutilus, Microtus oeconomus, Microtus arvalis s.l, Microtus 
agrestis. Bone tissues (femur, skull and mandible) of totally 22 
animals trapped in September of 2009 were analyzed. Following 
radiation measurements techniques were used: beta-radiometry of 
intact bone and bone ash as well as TLD signal at bone surfaces. All 
methods provided well consistent results. The average activity 
concentration of Sr-90+Y-90 in femur is 112 ± 44 Bq/g, range from 
27 to 412 Bq/g, which corresponds to skeleton average activity 155 ± 
65 Bq, range from 35 to 527 Bq. Results of skeleton activity estimates 
were used to calculate retention of Sr-90 in skeleton and to assess 
contemporary daily intake. For these purposes a simplified age-
independent biokinetic model of mouse-like rodent was developed 
using WinAct code that solves the system of coupled differential 
equations describing the behavior of radionuclides in the body. The 
model was adjusted and verified considering published experimental 
data on retention of Sr-90 in skeleton of laboratory animals for case of 
acute exposure. A set of nine transfer coefficient linking the donor and 
receiver compartments of organism was suggested for modeling Sr-90 
intake in mouse-like rodents. By using the model it was obtained that 
the average daily intake was 38 Bq in available sample of small 
rodents. Basing on the data obtained the assessment of contemporary 
organs and tissues doses of radiation exposure caused by Sr-90 will be 
fulfilled. The results of contemporary Sr-90 intake analysis can be 
used to calculate intake in initial period of contamination and asses 
doses of radiation exposure induced by both Sr-90 and short-
lived radionuclides released into the atmosphere after the accident at 
Mayak nuclear plant. 
 
POS17-11. Estimation of external natural background gamma 
rays doses to the population of Caspian coastal provinces in north 
Iran. Ali Shabestani Monfared, Babol University of Medical 
Sciences, Iran 
 
The effect of natural background radiation on health is still 
challenging. However, it is cleared that it depends on dose received by 
population. The estimation of external natural background gamma 
rays doses to the population of Caspian coastal provinces in north of 
Iran was the main goal of study. Gamma rays was measured using 
calibrated radiation survey meter in random 51 urban and rural health 
centers to estimate the exposure to population (total population 
6,888,118 persons) in residential areas of Gilan, Mazandaran and 
Golestan (total area 59,240 km2 ) as Caspian coastal provinces in north 
of Iran. Results showed that the average dose rate in the area under 
study is about 60.37±14.88 nSv/h or 0.53 mSv/yr (Range 30 to 90 
nSv/h or 0.26 to 0.79 mSv/yr).  The data from Ramsar is excluded 
from the estimation because of a very high natural background 
radiation found in that area (Max. 240 mSv/yr). No significant 
difference was found between the doses of the provinces (P=0.237). 
The external natural background gamma rays doses to the population 
of Caspian coastal provinces in north of Iran was found to be nearly 
equal to the average value in the world (0.5 mSv/yr). Further national 
studies are suggested. 
 
POS17-12. INFLUENCE OF POLYMERS APPLYING ON 
MIGRATION AND ACCUMULATION OF ARTIFICIAL 
RADIONUCLIDES IN SWEET BASIL. Anna Tadevosyan1, S. 
Mayrapetyan1, M. Schellenberg2, L. Ghalachyan1, N. Tavakalyan3, A. 
Hovsepyan1, K. Mayrapetyan1, 1: Institute of Hydroponics Problems, 
Armenia 2: International Science Cooperation Bureau, Agriculture et 
Agroalimentaire Canada/Agriculture and Agri-Food Canada 3: 
Yerevan Institute ―Plastpolymer", Armenia 
 
One of the important aspects of the problem of contaminated soils 
remediation is elaboration of protective actions aimed at reduction of 
biological mobility of radionuclides in a water – soil – plant system. 
The agricultural radioecology has acquired significant experimental 
materials for modes to decrease the transfer of radionuclides from 
soils to plants. A number of agrochemical and land treatment 
techniques are described: application of mineral and organic 
fertilizers, clayey materials, liming of soils, changes of irrigation 
regimen, burying of upper layers of soil in lower layers. Amongst the 
man-made radionuclides causing contamination 137Cs and 90Sr exert 
long-term after-effects. The passage of radionuclides, in 
particular137Cs and 90Sr, occurs from the soil solution and irrigation 
water through the root system of plants. 
The presence of a functioning Nuclear Power Plant and the prospects 
to expand nuclear engineering elevates the possibility of 
radionuclides-caused soil contamination in Armenia as well. The aim 
of the research is to provide new means and procedures for 
remediation of contaminated soils through regulation of biological 
migration of artificial radionuclides 137Cs and 90Sr by water-retaining 
polymers in water – soil – plant systems in zones of radio-ecological 
tension. The tests are being carried out under field conditions with and 
without application of polymers in root-inhabited media (RIM) of 
sweet basil in tenser radioecological zone (with the radius of 7 km 
from the Armenian NPP, v. Taronik). Different polymers (on the base 
of K+, Ca++, K+ + Ca++ ions), synthesized in the ―Plastpolymer‖ 
Institute have been tested. 
It has been found out that application of Ca++ ion based polymer 
(1g/plant) decreased the content of 90Sr in basil leaves 1.4 times in 
comparison to control, but didn‘t influence on the content of 137Cs. At 
the same time Ca++ polymer addition to the RIM of sweet basil, even 
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in conditions of watering frequency decreasing in 30% promoted the 
same output of plant yield compared to the control. It has been 
confirmed that the content of controlled artificial radionuclides 90Sr 
and 137Cs in the plants is much lower than the Allowed Concentration 
Limits. 
The research has been implemented in the context of project A-1671 
ISTC. 
 
POS17-13. The phytomeditation contaminated soil uranium 
processing territory of the northern Kazakhstan. Meirat Bakhtin, 
M.M. Bakhtin, А.S  Dzhakenova., P.K. Kazymbet, Astana Medical 
University, Institute of Radiobiological Research, Kazakhstan 
 
The rehabilitation of soils contaminated radionuclide‘s and 
heavy  metals is at the present time one of the actual problem of 
radioecology. Extensive use for cleaning  the soil of toxic elements are 
sorbtional methods  (Blogaev V.V., 1993; Shvetc D.I. ., 2001; 
Gladkov  E.А. 2006), particularly phytomeditation is a perspective 
method of remediating contaminated territories as an economic - 
effective and ecologic safe technology. The purpose of  study - the 
development of unified methods using the phytoremediation to clean 
soils contaminated with radionuclides from Northern 
Kazakhstan. Conducted radiometric research territory adjacent to the 
uranium mining enterprises revealed radioactively contaminated 
sites. According to the results of the pedestrian-scale survey found 
that equivalent dose rate of gamma radiation on study site exceeds by 
4 times, which amounted to 0.74 mSv / hour compared to the control 
level.  Radio-spectrometric  and mass spectrometric analysis of soil 
samples showed that the specific activity of  226Ra in 31 times, 238U 2-
fold, 230Th-7-fold, 210Pb 10 times, 210Po 12 times, the content of  Cu in 
33 times, Zn 9 times, Ni 25 times, Co 2 times significantly greater 
compared with those of the control plot. 6 families of plants identified 
from the species diversity plant growing on contaminated districts, 3 
families identified as the dominant species  of representatives: 
Composite flowers (Asteraceae) Marevye (Chenopodiaceae) and 
gramineous  (Gramineae Jizz). According to the radiochemical 
analysis of samples of plants identified plant-sorbents of natural 
radionuclide‘s and heavy metals: E. junceus sorbent 
is 238U, 226Ra, 210Po, 230Th and210Rb, and of the heavy metals - Co, Ni. 
Pb, Zn, Sn and Mo; C. hybridium is a sorbent - 238U, 210Pb, 226Ra,232Th; 
and of  heavy metals - Co, Ni, Pb, Zn and Mo; M. wolgicus -
 238U, 226Ra, 210Po and 210Pb, from heavy metals - Ni, As, and Mo; X. 
strumarium - 238U, 226Ra, 210Ro and 210Pb, from heavy metals - Cd, Mo, 
As and Sn. 
 
POS17-14. Application of gamma spectrometry and LSC in 
control of environment. Janis Berzins, D. Riekstina, O. Veveris, 
Institute of Solid State Physics, University of Latvia, Latvia. 
 
The paper presents research data of the natural radionuclides 
concentration in building materials manufactured in Latvia as well as 
contamination level of various samples: soils, waters, metal scrap and 
waste of the nuclear reactor, and tritium in ground water and drinking 
water. 
The concentrations of gamma radioactivity in different samples were 
determined using the high resolution HPGe gamma-spectrometers 
Ortec and Canberra within the energy range of 50-2000 keV. For 
measuring of large radioactive waste amount in the metal barrels 
gamma-spectrometer with  NaJ detector were used. The uncertainty of 
measurements was within the range of 3-10%, the minimal detectable 
activity – 0.3 Bq/kg. 
The measurements of tritium activities were carried out with the liquid 
scintillation spectrometer Packard TRI-CARB 2100 and 2900 using 
the scintillation liquid OptiPhase ―HiSafe‖3. The measurement time 
for H-3 didn‘t exceed some hours and uncertainty was less than 2%. 
The highest concentrations of natural radionuclides K-40 and the 
decay products of the Th-232, U-238 (Ra-226) chain were detected in 
granite and its products. The maximally permitted concentrations of 
the radionuclides (Bq/kg) has been exceed in particular plumbing and 
ceramsite products, and in some imported granite blocks. 
Analysis of tritium was performing for the solution two problems: 
1. Regular tritium control in ground water wells around the potentially 
dangerous objects - the decommissioning Salaspils nuclear reactor and 
the radioactive waste repository ―Radon‖. The tritium activity in the 
groundwater of these territories has decreased within the last year. 
 2. Control of drinking water in food industry and urban water-supply. 
According to the regulations No.235 of Latvian Cabinet of Ministers, 
adopted in 2003 and Directive 98/83/EC of the EU Council on the 
quality of water, the use of drinking water with tritium content more 
that 100 Bq/l is prohibited. 
We have performed the analysis of industrially used drinking water 
and communal drinking water sources of all Latvian regions and 
Tallinn (Estonia). It was found, that the tritium concentration in 
measured drinking water samples never exceeds the 10 Bq/l limit. 
The quality assurance included the main requirements of ISO/IEC 
17025:2005 standard. 
 
POS17-15. Temporal and spatial dynamics of radioactivity and 
ionizing radiation in ground atmosphere. Valentina Yakovleva1, P. 
Nagorsky2, A. Vukolov1, I. Ippolitov2, M. Kabanov2, S. Smirnov2, V. 
Karataev1, 1: Tomsk Polytechnic University, Russian Federation 2: 
Institute of Monitoring of Climatic and Ecological Systems SB RAS, 
Russian Federation 
 
Control for environmental background radioactivity is usually 
performed by one parameter: one type of radiation or radionuclide. 
Due to different penetrating power of different types of radiation a 
multiple parameter approach to a problem of low dose effects is 
required. The main purpose of this work was to investigate temporal 
and spatial dynamics of atmospheric radioactivity and generated 
ionizing radiation fields. The general distinctions of this investigation 
are: 1) synchronous measurements of characteristics of α-, β- and γ-
radiation fields and activity of atmospheric radionuclides at one point; 
2) parallel measurements at different heights up to 25 m; and 3) high 
time resolution of data series. Such approach allowed to get more 
informative data to reach the purpose of the work. 
The long-term experiment was performed at Tomsk Observatory of 
Radioactivity and Ionizing Radiation. Instrumental equipment 
included: detectors of α-, β- and γ-radiation installed by two of three at 
series of heights (0.1; 1; 5; 10 and 25 m) and depths (-0,5; -1 and -5 
m), radon isotopes and decay products radiometers and automated 
devices for radon and thoron flux densities measurements. The 
monitoring of meteorological, actinometrical and atmospheric-
electrical values is performed via automated information measuring 
system. 
The main sources of atmosphere γ-radiation field are radionuclides of 
thin soil layer and buildings (if urban region). Atmosphere γ-
radioactive aerosols can make an observable contribution only under 
certain weather conditions. Atmosphere α- and β-radiation fields are 
mainly formed by radon isotopes and their decay products, but near 
the ground the β-radionuclides of 0.5-cm soil layer can be 
considerable contributors. 
Daily variations were revealed in atmospheric α- and β-fields 
dynamics. Synchronous bursts in β- and γ-radiation time series with 
duration of some hours appeared at all heights during the year but 
without certain regularity. Reasons for the bursts are discussed. 
Significant correlations were obtained between times series of one 
type of radiation measured at different height, but α-, β- and γ-fields 
do not correlate each other. 
The work was fulfilled with financial support of RF Analytical 
departmental target program “Development of higher school 
scientific potential” № 2.1.1/13707. 
 
POS18 Radiation chemistry in materials 
science 
 
POS18-01. Modification of elastomers by ionizing 
radiation. Wojciech Głuszewski1, Z. P. Zagórski1, M. Rajkiewicz2,  1: 
Institute of Nuclear Chemistry and Technology, Poland; 2: Institute 
for Engineering of Polymer Materials and Dyes, Piastów, Poland 
  
Absorbtion of ionizing radiation energy by polymers results in four, 
parallely running chemical processes: crosslinking, degradation, 
formation of unsaturation, including multiple bonds and oxidation [1, 
2]. If crosslinking prevails over degradation, the modification of 
properties of polymer goes in useful direction. Intentional, radiation 
induced crosslinking is in many respects better than chemical, because 
it is realized at ambient temperature and is readily controlled by 
adjustment of optimal dose [3]. From the practical point of view, 
especially important is recognition of inhomogeneous deposition of 
energy and the role of multi-ionization spurs on processes of 
formation of the net of crosslinking bonds in elastomers [4]. 
Introduction of analytical methods used in radiation chemistry of 
polymers revealed new facts. In particular, gas chromatographic 
determination of radiation yield of hydrogen in irradiated elastomers 
has shown that only the half of crosslinks, as determined by gel 
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fraction, is due to hydrogen abstraction from two neighboring chains 
and the rest is due to entanglements. Hydrogen is not determined in 
conventional, chemical crosslinking reactions, because this gas is 
emitted only in the non typical, radiation induced crosslinking. Using 
gas chromatography, we can also determine the amount of oxygen that 
has been absorbed by the elastomers during irradiation and in 
postradiation degradation. Another non-typical analytical method, the 
diffuse reflected light spectrophotometry (DRS) is applied to 
irradiated elastomers, showing the radiation induced chemical 
reactions. 
Determinations of H2, CH4 , and the secondary product CO, as well as 
of O2 consumption were done by gas chromatography (Shimadzu GC 
2040, molecular sieves 5Å, the detector was thermo-conductivity 
(TCD - 2014)), in carrier gas Ar resp. He. Samples were irradiated in 
3.5 ml vessels closed with rubber septa, shielded by a thick hood made 
from lead, if irradiated on the conveyor under electron beam. 
Hydrogen was released immediately from samples of any shape, 
whereas determination of methane demanded gentle heating of the 
vessel in the case of thick films of the material, before sampling from 
the gas phase of the vessel was done. Carbon oxide was determined 
after aeration during subsequent lapses of time. 
Ketone and peroxy groups were determined by diffuse reflection 
spectrophotometry (DRS) using a Perkin Elmer Lambda 7 
spectrophotometer with an integrating sphere. That technique has been 
applied earlier in the investigation of radiation chemistry of neat 
polypropylene. The DRS method is by two orders of magnitude more 
sensitive than IR spectroscopy because of much higher molar 
extinction values of absorbing groups. Therefore, that sort of 
spectroscopy is able to show the effects even of sterilization doses. 
FTIR spectra recorder after sterilization doses usually indicates no 
chemical changes in polymers, because of low sensitivity. Maxima on 
DRS absorption spectra were identified (210 nm – peroxy; 245, 295 
nm – ketone groups). 
Radiation treatment was performed at the Institute of Nuclear 
Chemistry and Technology in Warsaw, using cobalt gamma ray 
sources "Issledovatel‖ (dose rate 0.789 kGy/h) and "GC 5000" (8.5 
kGy/h). Sample were irradiated to the dose of 5, 10, 25, 60 and 120 
kGy. Electron beam irradiation was performed using a linear electron 
accelerator, "Electronics" 10/10 an energy of 10 MeV and beam 
power of 10 kW. Doses were as in the case of gamma irradiation. 
[1]. Głuszewski W,  Zagórski Z.P, Tran Q.K, Cortella L, Maria 
Skłodowska Curie - the precursorof radiation sterilization 
methods,  (2011) Analitical and Bioanalitical Chemistry 400, 1577 -
1582 
[2]. Zagórski Z.P, Rajkiewicz M, Głuszewski W, (2011) Radiacyjna 
modyfikacja elastomerów, Przemysł Chemiczny 6, 1191-1194 
[3]. Głuszewski W, Zagórski P. Z, (2010) Procesy radiacyjnego 
sieciowania polimerów, Tworzywa Sztuczne i Chemia 2, 58-60 
[4]. Bik J, Głuszewski W, Rzymski W.M, Zagórski Z.P, (2003) EB 
radiation crosslinking of elastomers, Radiation Physics and Chemistry 
67, 421 
Work was done under the research project N N209083838 (Synergetic 
systems linking elastomers), funded by the Ministry of Science and 
Higher Education. 
  
POS18-02. Radioliticaly generated paramagnetic centers in 
molecular sieves with adsorbed carbon monoxide. Marcin 
Sterniczuk, J. Michalik, J. Sadło, G. Strzelczak, Institiute of Nuclear 
Chemistry and Technology, Poland 
 
Introduction. Free radicals are very often important intermediates in 
many processes of heterogeneous catalysis. However, in real catalytic 
system they are very reactive and short-lived, thus difficult to study. 
We generated free radicals in zeolites exposed earlier to small 
molecular adsorbates by γ-irradiation at liquid nitrogen temperature. 
The radical were followed reactions by EPR spectroscopy gradually 
increasing sample temperature. 
Here we present the study of carbon monoxide radicals generated in 
molecular sieves. The combination of EPR measurements with 
quantum chemical computation have been applied in order to identify 
the radical species and define their geometry and reactivity. 
Experimental. The H-ZSM-5 zeolite samples were degassed and 
dehydrated at 150oC in spectrosil tubes on vacum line under the 
pressure of 10-5 Torr. Carbon monoxide 13CO was adsorbed at room 
temperature under the pressure range 5 - 100 Torr and then the EPR 
tubings were sealed and irradiated in γ-source at 77 K with a dose at 6 
kGy. The EPR spectra were measured using Bruker ESP 300 
spectrometer in temperature range 77-370 K. All calculations had 
been performed by using the Gaussian 03W program. 
Results and discussion. The EPR spectrum of H-ZSM-5/13CO sample 
γ-irradiated at 77 K and recorded          at 300K shows two doublets: 
anisotropic doublet A: with gx=2.0005, gy=2.0007, gz=1.9991, 
Ax=30,4 mT, Ay=27,5 mT, Az=25,9 mT and isotropic doublet B: with 
giso=2.0002,    Aiso=21,3 mT. The EPR spectra and DFT calculations 
show different radical centers located in several different sites of 
ZSM-5 network. It turned out that calculated values of hyperfine 
splittings for A doublet are close to the experimental value equal 27,7 
mT for two different radical centers. In the first one CO interacts with 
oxygen located between Si and Al atoms [≡Si-O-Al≡]•CO and in the 
second one CO is bounded to oxygen located between two Si atoms 
[≡Si-O-Si≡]•+CO. The second doublet B (Aiso= 21,3 mT) had not been 
observed earlier. The preliminiary DFT calculations showed that this 
signal could be assigned to the center with [≡Si-O]+•CO geometry. For 
such geometry calculated Aiso(B) value is closest to the experimental 
one. We observed the EPR spectra of +•CO centers also in other 
zeolites like X, LTA and MOR. The analysis of experimental results 
and DFT calculations is in progress. 
 
POS18-03. Functionalization of polyurethane surface by 
radiation-induced graft polymerization. Marta Walo1, G. 
Przybytniak1, P. Akkas Kavaklı2, M. Barsbay2, O. Güven2, 1: Institute 
of Nuclear Chemistry and Technology, Warsaw, Poland 2: Hacettepe 
University, Department of Chemistry, Ankara, Turkey 
 
It is generally known that the required properties of biomaterials are 
biocompatibility, sterilizability, adequate mechanical and thermal 
properties as well as specific surface characteristic [1]. Among the 
polymeric biomaterials, polyurethanes (PUR) have attracted a great 
interest due to their unique chemical and physical properties. 
Biomedical polyurethanes are widely used in medicine for production 
of scaffolds in tissue engineering and for manufacturing medical 
devices, such as vascular grafts, artificial hearts, wound dressings, 
blood tubing, catheters and mammary implants [2]. Polyurethanes are 
microphase-separated polymers containing hard and soft segments 
arranged alternately. Thanks to possibility to model their properties by 
selecting various types and molecular weights of the oligodiol, the 
chemical structure and symmetry of diisocyanate, the hard/soft 
segment weight ratio, the synthesis method, PUR can be used for 
specific clinical applications. However, it is difficult to synthesize 
polyurethanes with appropriate bulk and surface properties 
simultaneously. It is well known that the surface properties of 
materials in contact with biological systems play a key role in 
determining the outcome of biological material interactions [3]. 
Therefore, selected functional groups must be introduced to surface in 
order to change their properties. There are a multitude of surface 
modification methods including chemical treatment, immobilizing 
biological molecules, radiation grafting of hydrophilic monomers and 
gas plasma treatment [4]. Among these methods, radiation-induced 
graft polymerization is well known technique for modifying the 
chemical and the physical properties of polymeric materials without 
altering their inherent properties. 
The aim of the reported researches was to modify the surface of 
polyurethane by radiation-induced grafting to improve the 
hydrophilicity.  The samples used for grafting were synthesized by a 
two-step polycondensation without any catalyst, solvent and additives. 
PUR was constructed from soft segments of oligo(ethylene-buthylene 
adipate) diol end-capped with molecular mass of 2000 Da and hard 
segments of isophorone diisocyanate and 1,4-butanediol. The weight 
ratio between hard and soft segment was 40:60. In this study the 
mutual radiation grafting of N-isopropyacrylamide (NIPAAm) onto 
polyurethanes films was performed. At the first stage of investigations 
several important factors determining the final effect of graft 
polymerization were tested, namely:  monomer concentration, 
homopolymer suppressor concentration and dose. Then, nongrafted 
and grafted polyurethanes with different grafting yield (GY) of  22%, 
59% and 77% were characterized using the following methods: ATR-
FTIR spectroscopy, thermogravimetric analysis (TGA), gel 
permeation chromatography (GPC), contact angle measurements 
(CA)  and X-ray photoelectron spectroscopy (XPS). 
Chemical structures of nongrafted PUR and PNIPAAm  grafted  PUR 
were investigated by FTIR spectroscopy. Analyzing the carbonyl 
region of PUR and PUR-g-NIPAAm a new C=O stretching band at 
about  1656 cm-1  characteristic for PNIPAAm structure appeared. 
For neat PUR two steps decomposition are revealed in the TGA 
curves. The first stage of thermal degradation is associated with 
scission of the urethane linkages in hard segments combined with the 
emission of carbon dioxide. The second one corresponds to the soft 
segments chain cleavages. After NIPAAm grafting, the changes on 
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TGA thermogram were observed as newly formed peak at around 
400 oC attributed to the degradation of poly(N-isopropylacrylamide) 
appeared. 
On the basis of GPC results it was found that the grafting of NIPAAm 
onto polyurethane surface causes shift the chromatograms to higher 
molecular weight regions. A new peak appearing in the GPC traces is 
attributed to the grafted PNIPAAm chains, and the intensity of this 
peak increases with the increasing grafting yield. These results clearly 
proved the formation of covalent bonds between the PNIPAAm chains 
and  the polyurethane surface. 
XPS results confirmed NIPPAm grafting onto polyurethane surface. 
High-resolution C(1s) region  comprising four distinct peaks indicates 
dominant participation of C-O  and C-C/C-H groups in the PUR 
surface. Carbonyl groups of the ester units also contribute 
significantly in the surface structure (25%), contrary to the peak at 
288.6 eV attributed to N(H)-C(O)-O which participation does not 
exceed 4%. For PUR-g-NIPAAm with GY = 22%  C-O-C(O) and C-
N  groups constitute 25% of the C1s bands, whereas before grafting 
their contribution was about 10% smaller. Additionally, for grafted 
surface summary input of N(H)-C(O)-O and  N-C-C(O) enhances 
significantly as compared to the untreated PUR. 
Considering the results of contact angle measurements it was found 
that the contact angle measured versus water diminished to about 67 
deg for sample grafted to  GY = 77%. 
The obtained results suggest that the radiation induced grafting seems 
to be the promising method to improvement the biocompatibility of 
polymers for biomedical applications. By introducing specific 
functional groups to the trunk polymer, surface properties changed 
significantly. Contact angle which is an important macroscopic 
parameter characterizing surface wettability decreases from 86 deg to 
67 deg confirming increasing hydrophicility of polyurethane surface. 
References: 
[1]. Chen,K.: Kuo,J.; Chen,C.;  Biomaterials, 21,161-171, 2000 
[2]. Gorna, K.; Gogolewski, S.; Polymer Degradation and Stability, 
79, 465-474, 2003 
[3]. Gold, J.; European Cells and Materials Vol. 10. Suppl. 1, 2005 
[4]. Alves, P.; Coelho, J.F.J. ; Haack, J.; Rota, A.; Bruinink, A.; Gil, 
M.H.; European Polymer Journal, 45, 1412-1419, 2009 
  
 
POS18-04. Photocatalytic properties of iron doped TiO2 
irradiated with electron beam. Paweł Wroński, M. Szadkowska-
Nicze, J. Wierzbicka, J. Perkowski, H. Żegota, Institute of Applied 
Radiation Chemistry,Technical University of Lodz, Poland 
 
Titanium dioxide shows good photocatalytic activity for oxidative 
degradation of environmental pollutants. Nevertheless, it can absorb 
only a small fraction of solar energy, thus restricting its environmental 
applications. Activity of titania can be improved with dopants like 
iron ions. Efficiency of iron modified TiO2 strongly depends on the 
preparation technique. 
We produced the Fe-doped TiO2 photocatalysts by radiation-induced 
synthesis. Fe-doped TiO2 samples were prepared by wet impregnation, 
starting from TiO2 (Degussa P-25) and different iron salts (FeCl2, 
FeCl3, Fe(NO3)3, Fe(III)-acetylacetonate, FeC2O4) as an iron 
precursor. Dried, powdered samples were irradiated by electron beam 
from the linear accelerator (ELU-6MeV), in air atmosphere. The 
photocatalytic activities of irradiated bare TiO2 P25 and 
Fe/TiO2 catalysts were investigated by the decomposition of phenol 
and dye (Reactive Blue 81) in aqueous solutions under UV-VIS light 
illumination. The medium pressure Hg lamp (4W or 8W power) 
immersed within the photoreactor was used as the UV source. The 
home-made system of four linear fluorescent lamps (LF Polam 6W) 
surrounding the reactor was used in experiments under visible light. 
The experiments were carried out in reactors containing 0.2g/L of 
catalyst and 400 or 600 ml of aqueous solutions of phenol (5x10-4 M) 
or dye (5x10-5 M). Oxygen was continuously bubbled into the 
magnetically stirred suspension. 
The dye concentration was determined spectrophotometrically, using a 
Perkin Elmer UV-VIS spectrophotometer, whereas phenol 
degradation was measured by HPLC equipped with a UV-VIS 
detector. The detection of OH radicals formed on a photo-illuminated 
Fe-TiO2 surface was performed by fluorescence technique (AB2 
Luminescence Spectrometer), using terephtalic acid.  
We observed that modification of Fe-doped TiO2 by electron beam is 
an interesting approach to improvement of photocatalytic processes 
under UV and visible light illumination and its applicability for 
environmental purposes. Irradiated Fe/TiO2 samples exhibited better 
photocatalytic properties in comparison to catalysts calcined at 4000C. 
The best results of decomposition were observed in photocatalytic 
reaction on irradiated Fe/TiO2 doped with Fe(NO3)3, and Fe(III)-
acetylacetonate. 
 
POS19 Radiation research and nuclear 
power 
 
POS19-01. Effect of electron beam irradiation on trimethylene 
carbonate and lactide copolymers. Agnieszka Adamus1 R.A. Wach1,  
J. Jozwiakowska1, D.W. Grijpma2,3, 1: Institute of Applied Radiation 
Chemistry, Chemistry Department, Technical University of Lodz, 
Poland, 2: Institute for Biomedical Technology (BMTI) and 
Department of Polymer Chemistry and Biomaterials, Faculty of 
Science and Technology, University of Twente, The Netherlands, 3: 
Department of Biomedical Engineering, University Medical Center 
Groningen, University of Groningen, The Netherlands 
 
In this study electron beam (EB) irradiation was applied to modify 
properties of triblock copolymers made of trimethylene carbonate 
(TMC) and D,L-lactide (DLLA) monomers. 
Poly(L-lactide) (PLLA) is one of the most commonly used polymers 
in biomedical applications, because it is biocompatible and degrades 
in vivo to lactic acid. PLLA is however highly crystalline and rigid, 
therefore L-lactide has been copolymerized with TMC to obtain more 
flexible materials. Another advantage of incorporating TMC into the 
PLLA chain is the tuneable degradation profile.[1] 
These copolymers were prepared by sequential polymerization under 
argon at 130°C using SnOct2 catalyst and hexanediol initiator. First 
PTMC was synthesized. After that, DLLA was added to the PTMC 
prepolymer with another drop of the catalyst to obtain triblock 
copolymers poly(DLLA-TMC-DLLA).[2] Copolymers were purified 
by dissolution in chloroform (5 wt/vol%) and precipitation into 2-fold 
volume of isopropanol. Samples were irradiated by EB with various 
doses at room temperature in the presence of air. Thermal 
characteristics of the copolymers were investigated using differential 
scanning calorimeter (DSC) and changes in their molecular weight 
were monitored by gel permeation chromatography (GPC). 
Thermograms of block copolymers showed glass transition 
temperature (Tg) only, and no exothermic crystallization or melting 
peaks were observed. Initial study showed that Tg values remained 
unchanged after irradiation. Irradiation does not significantly affect 
the average molecular weight of the copolymers. In some cases minor 
increase of average molecular weight with increasing dose of 
irradiation was recorded. 
Parallel crosslinking of soft PTMC segments and degradation of rigid 
PDLLA segments during electron irradiation could result in observed 
changes in copolymers characteristics . 
Acknowledgements: This work has been partially financed by the 
European Commission, project ―NerveRegeneration‖ MIGR-CT-
2007-206269 within 7FP, and by the Ministry of Science and Higher 
Education, Poland: SPB grant 843/7 PR UE/2008/7. 
References: 
[1] M. Ryner, A. C. Albertsson, Biomacromolecules, 2002, 3, 601-
608. 
[2] Z. Zhang, D. Grijpma, J. Feijen, Macromol. Chem. Phys., 2004, 
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POS19-02. Direct and indirect radiolytic effects in highly 
concentrated halide aqueous solutions-picoseconds pulse 
radiolysis. Anna Balcerzyk, Laboratoire Chimise Physique, France 
 
The products of decomposition of pure water and low concentrated 
aqueous solutions under irradiation are well known and their 
radiolytic yields are now well established at the end of the non-
homogenous stage, around 100 ns after energy deposition in the 
solution.[1],[2] Whereas, the radiolysis of concentrated solutions which 
causes direct ionization of the solute is still under investigation and 
the radiolytic yields of species formed during the radiolytic process 
have not been quantitatively well established up to now. This direct 
effect of ionizing radiation has very important meaning for practical 
demands like the treatment of waste in nuclear energy technology and 
even for radiotherapy.[[3]],[[4]] Recently, using a steady state radiolysis, 
we showed the effect of the direct ionization of Br- on the yield of Br3
-
 in highly concentrated Br- aqueous solutions.[[5]] In the present work 
we used picoseconds pump probe radiolysis in order to observe 
directly the action of ionizing radiation with the solute. 
We carried out the experiment of radiolysis of highly concentrated 
solutions of NaBr and NaCl up to 6 M and 5M, respectively. Using 
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the picosecond electron pulse facility ELYSE we measured the yield 
of oxidation of Br- and Cl- under different conditions which conducts 
to the formation of Cl2
- and Br2
- in chloride and bromide solutions, 
respectively. A new mechanism for Br- and Cl- oxidation is 
presented[6]. 
[1] De Waele, V.; Lampre, I. and Mostafavi, M. in Charged particle 
and photon interactions with matter: Recent advances, applications 
and interfaces. Eds. Hatano, Y.; Katsumura, Y.; Mouzumder A.  CRC 
Press, New York, 2004, pages 289-324 
[2]Buxton, G. V. 2004. The radiation chemistry of liquid water: 
principles and applications. edited by Mozumder, A.; Hatano, Y.; 
Marcel Dekker, New York, 2004, 331–363 
[3] Katsumura Y. in Charged particle and photon interactions with 
matter: Chemical, Physochemical, and Biological Consequences with 
Application, edited by Y.; Mouzumder A.; Hatano, Marcel 
Dekker, 2004, pages 697-729. 
[4] Spotheim- Maurizot, M.;Mostafavi, M. Douki, T.; Belloni, J. 
Radiation chemistry: From basics to applications in material and life 
science. EDP sciences, France, 2008. 
[5] Balcerzyk, A.; LaVerne, J.; Mostafavi, M. J. Phys. Chem. A. 2011. 
115 (17), pp 4326-4333 
[6]Anna Balcerzyk, Uli Schmidhammer, Abdel Karim EL OMAR, 
Pierre Jeunesse, Jean-Philippe Larbre and Mehran Mostafavi. J. Phys. 
Chem. A. 2011, submitted 
 
POS19-03. Modular specialized equipment for environmentally 
safe processing of liquid radioactive wastes. Artak Barseghyan1, G. 
Martoyan2, 1: AREV Scientific Industrial CJSC, Engineering 
Academy of Armenia, Armenia 2: AREV Scientific Industrial CJSC, 
Yerevan, Armenia 
 
Radioactive wastes is one of the most critical problems facing the 
global nuclear industry (nuclear energy generation), the environment 
(radioactive contamination), national security systems (potential 
hazards) today. Annually huge amount of Liquid Radioactive Wastes 
is generated by nuclear plants, reactors, processing plants and military 
installations worldwide. Current waste processing technologies and 
capacities are insufficient to fulfil waste management needs of the 
Nuclear Industry, which has led to continuous increase in volumes of 
stored LRW. 
New Unique Technology (patented in Armenia and internationally) -- 
specially designed separator-concentrators -- employs coordinated use 
of an electrodialysis (ED) stack and a number of electrolysis modules, 
each to output selected radionuclide (one or a few at a time) in the 
form of fine powder. The process is fully environmentally safe, has no 
emissions and produces only selected elements. The new method 
demonstrates extraction-separation efficiency, which averaged over 
radionuclides is 99.985%, the Liquid Radioactive Waste (LRW) 
volume reduction ratio after processing is about 2000. 
A Mobile System is designed to process liquid radioactive waste at 
high, intermediate and low activity levels, due to the unique 
technology, which allows having compact equipment for high-
throughput LRW processing. 
The new hydrometallurgical method is already applied in an 
industrial-scale prototype plant at Armenia‘s Metzamor nuclear power 
plant. 
Mobile LRW Processing System 
The unique technology allows having compact equipment for high-
throughput LRW processing. 
All desired features of the Mobile LRW Processing System can be 
assembled on a standard 40-ft by 7-ft trailer driven by a heavy-duty 
truck, producing only cleaned water and the entirely extracted 
radionuclides. 
The Mobile System is designed to process liquid radioactive waste at 
high, intermediate and low activity levels, at a rate of: 
10 tonne/hr for 5 g/l of salt concentration of radionuclides 
5 tonne/hr for 10 g/l of salt concentration of radionuclides 
1 tonne/hr for 50 g/l of salt concentration of radionuclides 
 
POS19-04. Time variation of ambient dose rate artificially 
increased by Fukushima Dai-ichi nuclear power station 
accident. Masahiro Hosoda1, S. Tokonami2, A. Sorimachi2, S. 
Monzen1, M. Osanai1, I. Kashiwakura1, S. Akiba3, 1: Hirosaki 
University, Graduate School of Health Sciences, Japan 2: Hirosaki 
University, Institute of Radiation Emergency Medicine, Japan 3: 
Kagoshima University, Graduate School of Medical and Dental 
Sciences, Japan 
 
On March 11, 2011, Japan was attacked by one of the most powerful 
earthquakes (M=9.0) in recorded history called ―the greateast Japan 
earthquake‖. The power supply for cooling in Fukushima Dai-ichi 
nuclear power station was stopped under the influence of an 
earthquake, and hydrogen explosion occurred at several nuclear 
reactors. The artificial radionuclide such as iodine-131, cesium-134 
and -137 were released from a nuclear reactor to living environment 
by this accident. In this study, the time variation of ambient absorbed 
dose rate artificially increased by Fukushima Dai-ichi nuclear power 
station accident was considered, and a cumulative dose map at high 
dose rate area was drawn. (1) The measurements of ambient absorbed 
dose rate from fallout were carried out on the expressway from 
Hirosaki city (N40.59°, E140.47°) to Fukushima city (N37.75°, 
E140.30°). A car-borne survey technique with 1‖Φ × 1‖ NaI(Tl) 
scintillation surveymeter was used for the measurement. The car-
borne survey technique is a useful tool for measurement of the 
ambient absorbed dose rate in a short term such as an emergent 
radiation measurement. The measurement was repeated 3 times at 
March 16th, April 11th and 25th. The distance between Fukushima 
Dai-ichi nuclear power station and each measurement point was from 
60 to 355 km and more than 100 data were obtained by these surveys. 
Furthermore, an effective half life was estimated using these results. 
These values were dependent on the distance from Fukushima Dai-
ichi nuclear power station. The effective half life at the near 
measurement point from nuclear power station was close to the 
physical half life of iodine-131 (8 days). Moreover, the dose rate on 
the uncovered ground was 1.3 times higher than those on the 
pavement. (2) Measurements of dose rate at radioactively 
contaminated area for drawing a contour map were also carried out 
from April 12th to 15th using car-borne survey technique. The 
ambient dose rates were not dependent on the distance from 
Fukushima Dai-ichi nuclear power station whereas the highest area 
was found at the north-west area direction from the nuclear power 
station. 
 
POS19-05. The effect of gamma radiation on biphasic stability in 
gas-ionic liquid and water-ionic liquid systems. Susan Howett, J. 
Joseph, J. Noel, J. Clara Wren, The University of Western Ontario, 
Canada 
 
Ionic liquids (IL) are considered designer solvents because they can be 
easily ‗tuned‘ to have desired properties.  In particular, the capability 
of an IL to dissolve a wide range of molecules, and the potential of 
these solvents to be highly resilient in energy-intensive environments, 
make ILs particularly promising media for the separation and 
sequestration of metal ion contaminants from radioactive waste 
effluents in nuclear fuel cycles. In such an application, a water-IL 
system will be exposed to a continuous stream of ionizing 
radiation.  This radiation can strongly influence the chemical state of 
the water phase in the system and the chemical parameters affecting 
the separation efficiency of the system.  Previous studies on the effects 
of radiation on the stability of ILs have been limited to pure ILs.  This 
work examines how long-term irradiation affects gas-IL and water-IL 
biphasic systems. 
The interfacial stability of gas-IL and water-IL systems under γ-
irradiation was studied for three phosphonium ILs having different 
solvent properties.  The target systems were irradiated in a 60Co 
gamma cell at 6.4 kGy/h.  The contents of the sample vials were 
examined periodically; the gas phase above the IL samples was 
analyzed using gas chromatography with a mass spectrometer 
detector, while the changes in the IL and aqueous phases were 
monitored using conductivity measurements and Raman spectroscopy. 
The results indicate that g-irradiation induces negligible chemical 
changes in the IL phase when it is in contact with a gas phase.  For 
water-IL systems, the initially immiscible layers slowly developed an 
interfacial emulsion layer, even without irradiation.  This layer started 
at the water-IL interface and then grew downwards, eventually 
converting the entire IL phase to an emulsion.  Irradiation accelerated 
the conversion of the IL phase to an emulsion.  The changes in the 
conductivity and the Raman spectra of both the IL and water phases 
observed during the development of the emulsion are consistent with 
formation of micelles, as further confirmed by transmission electron 
microscopy.  Based on these results, it is proposed that the formation 
of micelles at, or near, the water-IL interface leads to the development 
of an emulsion layer, and that irradiation produces surfactants that can 
accumulate at the interface and accelerate emulsification.   
 
POS19-06. Iron oxyhydroxide colloidal formation by gamma-




Uniform-sized colloidal particles of g-FeOOH were formed by 
gamma-irradiation of de-aerated aqueous solutions containing initially 
soluble Fe2+ species at pH 5.5.  The colloidal particles were analyzed 
by Transmission Electron Microscopy (TEM), Selected Area Electron 
Diffraction (SEAD), UV-Visible Absorption and Fourier Transform 
Infrared Spectroscopy (FTIR). Two distinct colloidal formation stages 
were observed.  At short irradiation times or in solutions containing 
initially low [Fe2+]0, the size of particulates are less than 10 nm with a 
narrow size distribution.  These primary particulates grew larger with 
a dendritic structure upon longer irradiation, but the growth soon 
reached a steady state, where longer irradiation did not change the size 
but increased the number of dendrimers formed.  The narrow size 
distribution is attributed to the rapid homogeneous radiolytic oxidation 
of soluble Fe2+ to relatively insoluble Fe3+ hydroxides [Fe(H2O)6-
n(OH)n]
3-n, leading to particle nucleation by spontaneous 
condensation.  These primary particles then grow into g-FeOOH 
particles with a dendritic structure.  The final size reached at long 
irradiation times is regulated by the steady-state redox conditions 
established during long-term irradiation at the aqueous-solid interface. 
 
POS19-07. Design and construction of hydraulic prototype model 
for a radio- tracer experiment. Kim Ki-Chul1, P. Geon-Hyeong2, L. 
Jin-Yong2, L. Jung-Lyul3, S. Kyung-suk2, 1: Korea Atomic Energy 
Research Institute, South Korea 2: KAERI 3: SKKU, South Korea 
 
Most nuclear power plants in Korea were located near coastal areas. It 
is important to evaluate the dispersion characteristics of the liquid 
effluents released into the sea from a power plant under both normal 
and accidents. In this study, a hydraulic prototype model was designed 
and constructed to understand the physical phenomenon for the 
advection and dispersion of a pollutant using radioisotopes. The model 
was designed based on the real coastal area at the Wolsung nuclear 
power plant in Korea. The hydraulic model was constructed at 1/2083 
and 1/200 scale, horizontally and vertically. The distortion rate based 
on the Froude similarity theory was the 10.5 with a 4.8 m in length, 
0.45 m in width and 0.5 m in depth. The hydraulic instrument was 
mainly composed of a channel, reservoir, wave generator, breaking 
section for a reflected wave, inverter pump and discharge control 
section. The inverter pump was installed with the end of the inlet and 
outlet parts, and to control the inflow and outflow in the channel. The 
function of the inverter pump was to control variations in wave height 
and velocity. A stagnation section was also manufactured to minimize 
the fluctuation of the inflow at the inlet. The gauge instrument of the 
wave height was used for generation of the periodic wave, measuring 
the height and period of wave. Several experiments based on 
variations in the velocity were performed to estimate the dispersion of 
a pollutant by using a radiotracer in a constructed hydraulic prototype 
model. The velocity was changed by controlling the RPM(revolutions 
per minute) of the inverter pump. The wave was produced by a 
generator and a radiotracer was injected into the inlet section after 
making a periodic wave. Detection was made using 2inch NaI (Tl) 
scintillation detectors bound to the transverse lines at a downstream 
position. The experimental results showed that the hydraulic 
instrument reproduced the behavior of the pollutant well.  
 
POS19-08. Hydrogen production in radiolysis of the mixture of 
mordenite and seawater. Yuta Kumagai, R. Nagaishi, A. Kimura, M. 
Taguchi, K. Nishihara, I. Yamagishi, T. Ogawa, Japan Atomic Energy 
Agency, Japan 
 
For decontamination of radioactive water generated in a serious 
nuclear accident, zeolite is a suitable adsorbent for radioactive Cs 
because of its high adsorption capacity and radiation resistance. 
During the decontamination process and especially the storage of 
zeolite waste after the process, the management of hydrogen produced 
by water radiolysis is an important issue of safety. Thus hydrogen 
production in radiolysis of the mixture of zeolite and water was 
studied. In particular, we focused on the influence of the incorporation 
of seawater into the mixture because seawater was urgently used as a 
coolant for the nuclear fuels in Japan. 
Zeolite used in this study is natural mordenite (TOP ZEOLITE M) 
from Ayashi in Miyagi supplied by SHIN TOHOKU Chemical 
Industry. Seawater was sampled at Oarai in Ibaraki. Sample was the 
mixture of mordenite and seawater. The sample was irradiated in the 
vial with septum by gamma-ray from Co-60 source. The concentration 
of hydrogen in the vial was measured by gas chromatography. 
The hydrogen yield from seawater was close to the primary yield of 
hydrogen in gamma-radiolysis of water, 47 nmol/J. The yield was 
decreased by the dilution with pure water. The result indicates that the 
oxidation of hydrogen was inhibited in seawater presumably due to 
the reactions of halide anions with OH radical. The hydrogen yield 
from the mixture decreased at a constant rate as the weight fraction of 
seawater was decreased to 0.17, and then a significant decrease in the 
yield was observed at the lower weight fraction of seawater. However, 
the measured yield was higher than the yield expected from the direct 
radiolysis of water in the mixture, which would be proportional to the 
weight fraction of seawater. The result suggests that the radiation 
energy deposited to mordenite was involved in the radiolysis of 
adsorbed water. Moreover the hydrogen yield was not so effectively 
decreased by the dilution of seawater in the mixture as in seawater 
alone. Consequently the oxidation of hydrogen by radiation-induced 
radicals was expected to be inhibited in the mixture. 
Therefore the hydrogen formation driven by the energy deposition to 
mordenite and the inhibition of oxidation of hydrogen should be 
considered in the evaluation of hydrogen production from radiolysis 
of the mixture of mordnite and water. 
 
POS19-09. Analysis on the charcteristics of a pollutan transport 
by using Tc-99m. Suh Kyung-Suk1, P. Geon-Hyeong2, K. Ki-Chul2, 
L. Jin-Yong2, L. Jung-Lyul3, 1: Korea Atomic Energy Research 
Institute, South Korea 2: KAERI 3: SKKU, South Korea 
 
When harmful pollutants enter in an ocean system, they may have a 
critical impact on the ecology of the sea and on human health. In 
particular, the radioactive materials released into the sea from a 
nuclear power plant have been effected very serious impacts on 
oceanic environments. It is very important to predict the damage from 
such an accident and to understand the movement of pollutants. A 
laboratory experiment using a radioisotope was performed to analyze 
the characteristics of the transport and dispersion of a pollutant 
released from an industrial plant. A radiotracer method is a useful tool 
for investigating the pollutant dispersion and description of mixing 
process taking place in natural streams. The main advantage is that 
tracer detection remains unaffected by such factors as variations in the 
chemical composition of the labeled medium and the presence of 
deposits. In this study, Tc-99m, which has a short half-life, was used 
as a tracer in the second experiment. Tc-99m, milked from a 
99Mo/99mTc portable generator fabricated for medical purposes, had 
0.141mEv of gamma radiation and  a half-life of 6.02 hours. The 
detection was made using 2 inch NaI(Tl) scintillation detectors at four 
transverse lines in the downstream direction from the release point. 
The radioisotope was instantaneously injected into a flow as a point 
source in the hydraulic prototype model. Two-dimensional numerical 
models were used to reproduce the results of the wave hydraulic 
model. The measured and calculated concentrations were compared 
under the same conditions. The dispersion phenomenon which used 
the radioactive tracer was measured quite well by the advection and 
hydrodynamic dispersion throughout this experiment. As a result of a 
comparative study, the time of maximum concentration showed a 
slight difference between them, but the values of the maximum 
concentration were in relatively good agreement. 
 
POS19-10. Identification of Fukushima origin gamma-emitters in 
the environmental samples in Lithuania. Evaldas Maceika1, E. 
Maceika2, V. Remeikis2, A. Gudelis2, B. Luksiene2, R. Druteikiene2, 
N. Spirkauskaite2, S. Buivydas2, M. Konstantinova2, A. Plukis2, R. 
Plukiene2, V. Filistovic2, 1: State Research Institute Center for 
Physical Sciences and Technology, Lithuania 2: State Research 
Institute Center for Physical Sciences and Technology, Vilnius, 
Lithuania 
 
A recent large scale nuclear accident at the Fukushima NPP caused 
dispersion of the technogenic radionuclides all over the world. 
Sampling campaign was conducted in Lithuania soon after the 
accident. The first clouds contaminated with Fukushima origin 
radionuclides (mostly 131I, 132I, 132Te, 134,137Cs) reached the country on 
21-23 of March 2011. The maximal 131I activity concentration of 3.4 
mBq/m3 in ground surface aerosols was detected on the 3-4th April 
2011. Detectable levels of 131I activity concentration of up to 3.5 ± 0.6 
Bq/kg in fresh pine needles were also observed. 
Pre-concentration procedure (burning in the muffle furnace at the 400
⁰C) of pine needles, moss and grass samples taken in the forest and 
lawn near Vilnius allowed tracing the presence of 134Cs in these 
samples. The following activity concentrations in pine needles were 
determined: 134Cs – (0.28±0.06) Bq/kg, fresh weight (f. w.); 137Cs – 
(0.43±0.09) Bq/kg, f. w. The grass and moss sample measurements 
identified the deposition density of (0.9±0.1) Bq/m2  for 134Cs and 
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(1.2±0.1) Bq/m2 for 137Cs. Measured activity ratios of caesium 
isotopes 134Cs and 137Cs in the environmental samples in Lithuania are 
compared with the corresponding activity ratio value of 0.7 (total over 
all Fukushima reactors), obtained by modelling of the radionuclide 
inventory in the nuclear fuels of Fukushima NPP, performed by the 
SCALE 6 computer code. 
 
POS19-11. Calculation of stopping power for protons and 
secondary electrons beams in liquid water. Abdelhak Marouane1, S. 
Ouaskit2, J. Inchaouh3, 1: Laboratoire de Recherche Subatomique et 
Applications, Morocco 2: Laboratoire Physique de la Matiére 
Condensée, Morocco 3: Subatomic Research and Applications 
Laboratory, Morocco 
 
We have calculated the stopping power of energetic protons in liquid 
water by using a new calculation model bused on different theoretical 
and semi-empirical approaches, in this calculation model we 
considered the different interactions associated with direct proton (or 
hydrogen) interaction and secondary processes arising from the 
electrons ejected by the primary process. The relativistic effects 
corrections, along with the electronic and nuclear stopping power, 
have been considered in this work. Thus, modified empirical formulas 
incorporating the dose effect have been proposed. 
The stopping power of protons beams have been calculated in liquid 
water, accounting for the different interactions they make during their 
motion inside the target with electrons and nuclei. The interactions of 
the incident particle with target‘s electrons dominate in the hight 
energy regime, at low energy regime the interactions of the projectile 
with the target nuclei contribute basically and should be not neglected 
in the calculation. 
We have not neglected the effect of electrons ejected from protons and 
hydrogens ionization impact, and the effect of the secondary electrons 
generated by hydrogen electron loss processes. The calculated data of 
secondary processes stopping power might be useful to calculate the 
total dose of protons impact. 
Our result represents a good agreement with existing experimental 
data. This calculation model can be useful for applications in 
protontherapy, and for the calculation of depth-dose distributions for 
protons in biological medium. 
 
POS19-12. Radiolysis of water at high temperature/pressure 
conditions up to supercritical region: a picoseconds pulse 
radiolysis and a Monte-Carlo simulation study. Yusa Muroya1, M. 
Lin2, S. Sanguanmith3, J. Meesungnoen3, M. Mostafavi4, J. Jay-Gerin3, 
Y. Katsumura1, 1: University of Tokyo, Japan 2: Japan Atomic Energy 
Agency, Japan 3: University of Sherbrooke, Canada 4: University of 
Paris-Sud, France 
 
 To understand the radiolysis of water at high temperature / pressure 
conditions is of great importance for advanced water chemistry for 
nuclear power plants (NPP) to control the chemical condition of water 
under strong radiation field in order to mitigate adverse effects of 
surrounding nuclear structural materials, such as stress corrosion 
cracking (SCC). At room temperature condition it is known that the 
radiolysis of water stems from energy deposition by the ionizing 
radiation which subsequently undergoes physical, physicochemical, 
and chemical processes, resulting in production of various radiolytic 
products. Those transient processes are supposed to vary significantly 
at high temperatures / high pressure (HTHP) conditions, giving rise to 
different time behaviors and radiation chemical yields of them. 
 Although it has been intensively studied the radiolysis at HTHP by g-
radiolysis, ns pulse-radiolysis, and muon chemistry, there still exists a 
difficulty in direct trace of short-lived radiolytic species. It is expected 
to develop a higher time resolved technique allowing observing such 
fast reaction kinetics. 
In this work, a new picoseconds pulse radiolysis system for HTHP 
conditions consisting of an S-band linear accelerator and a 
femtosecond Ti:Sapphire laser was developed. By employing them, 
fast kinetics and optical spectra of the hydrated electron with 
picosecond time resolution could be successfully observed. Evaluation 
of time-dependent yield of the hydrated electron revealed a faster spur 
decay kinetics within a few nanosecond with increasing temperature 
up to supercritical condition, suggesting that the hydrated electron is 
more favored to react with a proton to form a hydrogen atom, in 
contrast to room temperature at which the reaction with OH radical is 
predominant. With these new experimental results, a Monte-Carlo 
simulation applied to evaluate the water decomposition process such 
as temperature dependence of a thermalization distance of the 
hydrated electron, time dependent yields of short-lived radiolytic 
species, fast spur reaction process contributing to molecular hydrogen 
production etc. will be discussed. 
 
POS19-13. Comparison of applications of gene mutation assay in 
Trad-SH cells for monitoring ambient air genotoxicity after 
Chernobyl and Fukushima nuclear power plant 
accidents. Agnieszka Panek, J. Miszczyk, A. Cebulska-Wasilewska, 
Institute of Nuclear Physics, PAS, Poland 
  
Introduction: Our aim was to investigate the genotoxcity of ambient 
air  in the Krakow area after Fukushima Nuclear Power Plant accident 
and compare with results from Chernobyl fallout. 
Experimental procedures: The technique for screening gene mutation 
frequency in somatic cells of theTradescantia stamen-hairs (Trad-SH 
assay), have been developed many years ago specifically for 
radiobiological studies. Tradescantia is one of the most radiosensitive 
plant known. Its extremely high radiosensitivity of  its hybrid clones is 
followed by very high sensitivity to chemical mutagens as well.  This 
facts make Trad-SH assay  particularly suitable for the environmental 
studies and for the detection of ambient air genotoxicity. Since 11th of 
March 2011 (Fukushima NPPA accident), in the Krakow area six pots 
with bioindicating plants in each of the 4 sites are exposed to ambient 
air, and continuous screening is performed. Progenies of 360 000 cells 
exposed were analyzed. 
Results: Mutation frequency obtained in the first 10 days is shown as 
control levels (GMF*100 = 0.06 ± 0.01). Significant increase of gene 
mutation frequency (GMF*100 = 0.18 ± 0.05,  the range, 0.10-0.3 
depending on the location) was  reported, associated with a strong 
expression of toxic effects.  Results of applications of the 
bio-indicator for in situ monitoring gentoxicity of the ambient air 
pollution including ionizing radiation from Chernobyl Nuclear Power 
Plant accident are compared to recent data from monitoring the 
ambient air quality in the Krakow and surroundings. Following the 
Chernobyl accident studies were performed initially as monitoring of 
mutagenicity of ambient air in the period since April 29thtill June 
3rd 1986 [1]. In general, mutation frequency (GMF*100 = 0.43 ± 0.02) 
increase due to Chernobyl fallout was corresponding to fluctuation of 
radioactivity in the air reported from physical measures, and to 
published reports about increase in chromosome aberration levels. 
Conclusion: Statistically significant in comparison to control and more 
prolonged than that after Chernobyl fallout increase of GMF is 
recently observed. It is associated to the strong expression of toxic 
effects. An increase in mutation rates is corresponding with 
fluctuation of radioactivity in the air reported from physical measures. 
[1] Cebulska-Wasilewska A., Envir. & Molec. Mutagenesis, 1989. 
Acknowledments: 0296/B/P01/2008/35 
 
POS19-14. Radiation protection research at the U.S. Nuclear 
Regulatory Commission. Vered Anzenberg Shaffer, S. Bush-
Goddard, U.S. Nuclear Regulatory Commission, USA 
 
The U.S. Nuclear Regulatory Commission (NRC) radiation protection 
research program provides technical support to NRC in the areas of 
dose assessment and assessment of human health effects for reactor 
and nonreactor licensing, emergency preparedness, and nuclear 
security activities. The program‘s scope includes development of 
technical bases for radiation protection regulations, external exposure 
computer codes, occupational exposure and effluence databases, and 
public health studies research. Current work in the radiation protection 
regulation arena includes the development of a regulatory basis for 
possible revisions of 10 CFR 20 for greater alignment with the 
recommendations in the International Commission on Radiological 
Protection (ICRP) Publication 103. NRC is sponsoring research in 
biokinetic and dosimetric models and dose coefficient factors for 
occupational and public exposure to radionuclides that are based on 
ICRP Publication 103. In the area of external exposure computer 
codes, NRC funds VARSKIN and PIMAL. VARSKIN is used to 
facilitate skin-dose calculations. PIMAL is a computational 
„phantom‖ with moving arms and legs used to assess the radiation 
dose for realistic exposure geometries. NRC maintains several 
radiation protection databases. NRC collects and reports the annual 
occupational radiation exposures to workers from certain NRC-
licensed activities into the Radiation Exposure Information and 
Reporting System (REIRS) database. NRC collects reports and 
maintains a database for both the gas and liquid radioactive effluents 
discharged from NRC-licensed facilities. As part of the effluence 
work, NRC is modeling the exposure pathways of gaseous releases of 
organic forms of carbon-14. In addition, NRC has developed the 
Radiological Toolbox, an electronic handbook used to quickly access 
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databases needed for radiation protection, shielding, and dosimetry 
calculations. In the area of public health studies, NRC has requested 
the U.S. National Academy of Sciences to conduct a feasibility study 
on the analysis of cancer risk of populations living near NRC-licensed 
facilities. All NRC-sponsored radiation protection research seeks to 
implement tools for state-of-the-art techniques and to provide 
recommendations on policy. 
 
POS19-15. Studies on improving radiation stability of substances 
applied in the recycling of a spent nuclear fuel. Agnieszka Sulich1, 
J. Grodkowski1, J. Mirkowski1, R. Kocia1, M. Foreman2, 1: Institute of 
Nuclear Chemistry and Technology, Poland 2: Chalmers University of 
Technology, Sweden 
 
The objects of research were CyMe4-BTP (2,6-bis(5,5,8,8-
tetramethyl-5,6,7,8-tetrahydro-benzo-[1,2,4-triazin-3-yl]pyridine) 
and CyMe4-BTBP (2,6-bis(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-
benzo-[1,2,4-triazin-3-yl])-[2,2‘]bipyridine), proposed as the ligands 
selectively complexing the ions of trivalent actinides in the processes 
of their separation from lanthanides, present in the high level radiation 
liquid waste. 
The aim of research was investigation of the radiation stability of 
these compounds in octanol and cyclohexanone solutions, pure or 
equilibrated with equal volume of H2O or 1M HNO3. As an 
experimental method the pulse radiolysis with a spectrofotometric 
detection was used. Measurements were carried out using 10ns,10 
MeV, electron pulses from the LAE-10 linear electron accelerator 
delivering doses up to 20 Gy per pulse. 
The reactions of solvated electrons in octanol with the ligands were 
observed. The calculated rate constants were: kCyMe4-BTBP = 
(1.6±0.5)×109 dm3mol-1s-1 and kCyMe4-BTP = (1.7±0.5)×10
9 dm3mol-1s-1. 
Because of limited solubility of the ligands in the examined diluents 
we had to choose some other, better soluble reagent which give the 
known intermediates with absorbance in the useful range. The 
benzophenone (BP) best obeys our criteria. The spectra of its 
radiolysis intermediates in some alcohols are known and BP was also 
used in the pulse radiolysis of tributyl phosphate systems. The ligands 
were used with the concentration range 1÷10 mM and BP with 
0.1÷0.4 M. Samples had been Ar saturated before experiments. The 
most stable of BP radiolysis products are benzophenone ketyl radical. 
The calculated radiation yields of this intermediate in octanol drops if 
the solvent is equilibrated with HNO3. Other products are anion 
radical of BP and some traces of the excited states of BP. The results 
in cyclohexanone indicated also the formation of the excited states of 
BP. In the presence of BP most of the primary radiolysis products are 
converted to less reactive benzophenone species. This effect could 
prevent to some extent radiation damage of the ligands. 
This work has been done in the frame of the program ACSEPT FP7 
Collaborative Project 211267. 
 
POS20 Combination treatments 
 
POS20-01. Exogenous nitric oxide in radiobiology 
research. Bogdan Gerashchenko, O. Glavin, V., R.E. Kavetsky 
Institute of Experimental Pathology, Oncology and Radiobiology, 
National Academy of Sciences, Ukraine 
 
Nitric oxide (NO) is among major air pollutants capable of causing 
cytotoxic and genotoxic effects. Also, NO is known as an important 
cellular molecule involved in many physiological and pathological 
processes. However, chronic expression of NO is believed to be 
associated with various carcinomas and inflammatory conditions. 
Long term NO inhalation has been shown to provoke acceleration of 
tumor growth in rats (Mikhailenko et al., Exp. Oncol. 2005, 27: 65-
70). In a cell, nitrosative stress is associated with DNA single strand 
breaks, apoptosis, and inhibition of synthesis of DNA and proteins. It 
is characterized by formation of N-nitroso compounds and highly 
toxic peroxynitrit, which is formed as a result of reaction of NO with 
superoxide anion. Since NO can readily react with various reactive 
oxygen species (ROS) thus causing their detoxication or generation of 
extremely toxic forms, health effects of NO in combination with an 
ionizing radiation (IR), are unknown.      To assess how exogenously 
delivered NO together with exposure to IR can affect metabolism of 
ROS, male rats were fractionally exposed to NO for 1 month (14 h per 
day; 125−150 mg of NO per 1 m3 of air) and additionally received 
fractional exposure to low doses of X-rays (10 acute exposures with 
0.1 Gy each and with a frequency of about 1 exposure per 3 days). 
The levels of ROS in peripheral blood leucocytes (PBLs), serum, and 
liver cells were then measured. Interestingly, in these animals, 
elevation of ROS in both PBLs and serum was not higher than in the 
group of animals that received NO alone, while ROS in the group of 
animals that received X-ray exposure alone were not elevated and did 
not differ from the level of ROS in the group of intact animals. ROS 
in liver cells of irradiated animals were not elevated either, however, 
in liver cells of animals that received NO and NO + IR treatments, 
there was some reduction of ROS levels. These findings suggest that 
long term fractional NO inhalation somehow induces formation of 
ROS in PBLs and serum, while long term fractional irradiation with 
low doses may activate ROS scavenging potential, which is not 
efficient enough to scavenge ROS associated with NO inhalation. As 
for liver cells of animals that received NO and NO + IR treatments, 
ROS seem to be scavenged due to their direct reaction with NO and/or 
NO-related products. 
 
POS20-02. Mechanistic study of combination treatment with 
radiation and arsenic trioxide enhanced anti-tumor effects in 
human prostate cancer cells with different p53 status. Hui-Wen 
Chiu, Y. Wang, Department of Environmental and Occupational 
Health, National Cheng Kung University, Medical College, Tainan, 
Taiwan 
 
Prostate cancer is a leading cause of illness and death among men in 
the USA and Western Europe. Radiotherapy is one of the treatment 
for prostate cancer. Many studies indicated that arsenic trioxide 
(ATO) could enhance the anti-tumor effect of radiotherapy and reduce 
radiation dosage. The aim of this study was to investigate the 
anticancer effect of ionizing radiation (IR) combined with ATO and 
their underlying mechanisms on prostate cancer LNCaP (wild-type 
p53) and PC-3 (p53 null) cells. In in vitrostudy, cell viability was 
detected by trypan blue. Cell cycle distribution and early apoptosis 
with annexin V-FITC apoptosis detection kit were analyzed by flow 
cytometry. In order to observe the expression of acidic vesicular 
organelle which is characteristic of autophagy, cells were stained with 
acridine orange. Ultrastructure of PC-3 cells was analyzed by electron 
microscopy. Western blotting was used to determine apoptosis- and 
autophagy-associated proteins expression. A nude mice xenograft 
model was used to investigate the effects of IR combined ATO 
treatment in vivo. The results indicated that the effect of combined 
treatment is more significant than IR or ATO alone in LNCaP and PC-
3 cells. The combined treatment increased the percentage of apoptosis 
in LNCaP cells, but did not increase the percentage of apoptosis in 
PC-3 cells.  On the contrary, combined treatment caused cell cycle 
G2/M arrest in PC-3 cells and increased the percentage of autophagy 
in both LNCaP and PC-3 cells compared to ATO and IR alone. 
Furthermore, the expression of LC3Ⅱ and P62/SQSTM1 increased in 
LNCaP and PC-3 cells treated with combined treatment. The 
Akt/mTOR pathway was inhibited by combined treatment compared 
with those subjected to individual treatment. In addition, pretreated 
with 3-MA, a specific inhibitor of autophagy, decreased the 
combination-induced autophagy and increased cell viability. Whereas 
pretreated with LY294002, a specific inhibitor of PI3K/Akt, further 
enhanced the combination-induced autophagy and decreased cell 
viability. In in vivo studies, the combination of IR and ATO 
significantly reduced the tumor volume in nude mice that had received 
a subcutaneous injection of PC-3 cells. These results show that 
combined treatment may increase therapeutic efficacy of prostate 
cancer cell lines. 
 
POS20-03. Soluble HSP27 increases the efficacy of radiation 
therapy by normalizing tumor vasculature. Seo-Hyun Choi1, H. 
Lee2, Y. Bae Jin2, Y. Lee3, Y. Lee2, 1: Korea institute of Radiological 
& Medical Sciences/Korea University, South Korea 2: Korea Institute 
of Radiological & Medical Sciences, South Korea 3: Ewha Womans 
University, South Korea 
 
Endothelial cell function is critical for angiogenic balance in both 
physiological and pathological conditions, such as wound healing and 
cancer, respectively. We hypothesized that heat shock protein (mouse 
HSP25 and human HSP27) interacts with VEGF, a potent 
proangiogenic factor and endothelial mitogen whose function is 
critical for angiogenesis. 
We report here that soluble HSP27 is released specifically from 
endothelial cells (ECs), and plays a key role in regulating angiogenic 
balance via its direct interaction with VEGF. Neutralization of HSP25 
promoted in vivo wound healing and embryonic vasculogenesis, 
whereas overexpression of HSP25 in mouse lung was sufficient to 
suppress lung metastases of CT26 colon carcinoma in vivo. To 
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evaluate whether soluble HSP25 directly inhibits tumor growth, we 
injected CT26 cells subcutaneously into the hind legs of nude mice 
and followed with treatment of rHSP25. Systemic treatment with 
rHSP25 delayed tumor growth and inhibited tumor vasculature 
formation. Many studies have shown that anti-angiogenic agents can 
increase the efficacy of radiation therapy (IR) by normalizing tumor 
vasculature, resulting in increased tumor oxygenation. Thus, as 
expected, the combination of rHSP25 treatment and IR significantly 
inhibited tumor growth compared with IR alone. Understanding the 
function of soluble HSP27 in angiogenesis may lead to overcoming 
the limitations of anti-VEGF therapy, as well as radiation therapy. 
 
POS20-04. The impact of combined x-rays-bisphenol A exposure 
on the sperm count and quality of pubescent male 
mice. Małgorzata Dobrzyńska1, A. Gajowik 1, J. Radzikowska1, E. 
Tyrkiel 1, E. Jankowska-Steifer 2, K. Pachocki1, 1: National Institute of 
Public Health-National Institute of Hygiene, Poland 2: Medical 
University of Warsaw, Poland 
 
Both X-rays and bisphenol A (BPA) are present in the human 
environment. The aim of the study was the estimation of the effect of 
combined exposure to X-rays and bisphenol A on the gonads weight 
and on the sperm quantity and quality of young adult mice compared 
to the effects of each agent alone. 
The 4.5 weeks old Pzh:Sfis male mice were irradiated with 0.05 Gy of 
X-rays, exposed to BPA solution in drinking water (5 mg/kg bw, 10 
mg/kg bw, 20 mg/kg bw) or to a combination of both (0.05 Gy + 5 
mg/kg bw BPA) for 8 weeks. A Roentgen unit Medicor was used for 
X-rays source (the dose rate 0.20 Gy/min). Animals were sacrificed 
immediately after the end of exposure as well as 1, 4 and 8 weeks 
later. 
The dose 0.05 Gy of X-rays significantly reduced the mean testes 
weight at 24 h, 1 and 4 weeks following the end of exposure, whereas 
the dose of 5 mg/kg bw of BPA significantly increased the mean testes 
weight at 8 weeks. The combined exposure to low doses of both 
agents significantly reduced mean testes weights compared to control 
and BPA alone. 
X-rays significantly decreased the sperm count at 24 h and 1 week 
after the termination of exposure. The doses of 10 mg/kg and 20 
mg/kg bw BPA markedly reduced sperm quantity at 4 week. At 24 h 
after the end of combined exposure decreased sperm count compared 
to control and BPA alone was observed. The sperm motilities were 
reduced 1 week after the termination of exposure in groups of 0.05 
Gy, 0.05 Gy + 5 mg/kg bw BPA and 20 mg/kg bw BPA. The 
percentages of abnormal spermatozoa were markedly increased in 
almost all exposed groups at 24 h and 1 week after the last exposure, 
and occasionally at 4 and 8 week. The enhanced DNA damage in 
germ cells were not observed. 
A histological observation demonstrated alterations in the 
seminiferous tubules morphology such as intraepithelial vacuoles, cell 
degeneration and the occurrence of multinucleated giant cells. There 
were dose and time dependencies. No alterations were visible in the 
intersitial tissues. By 8 week after BPA and irradiation withdrawal 
testes showed histological feet wires similar to those seen in control.  
Combined exposure to both agents diminished sperm count and 
quality compared to at least one of the agent. Compared to previous 
study, germ cells of pubescent males seems to be more sensitive to X-
rays and BPA than germ cells of adult males. 
This work was funded by Polish Ministry of Higher Education and 
Sciences (2008-2011), Project no N N404 029 535. 
 
POS20-05. Neurotensin receptor 1 (NTR1), a novel target for 
tumor radiosensitization. Jaroslaw Dziegielewski, N. C.K. Valerie, 
E. V. Casarez, Jr, S. J. Parsons, J. M. Larner, University of Virginia, 
USA 
 
Radiotherapy (RT) is one of the most successful treatments for 
cancers. However, radioresistance and adverse effects on normal 
tissue remain a significant clinical problem. One strategy to overcome 
this is to use a sensitizing agent able to selectively enhance antitumor 
effects of RT. Here, we investigated neurotensin receptor 1 (NTR1) as 
a novel target for radiosensitization. Neurotensin (NT), one of the 
factors secreted by neuroendocrine cells, is known to stimulate growth 
and proliferation of cancer cells through its interaction with NTR1 
receptor. We postulate that during tumor development cells escape 
normal growth/survival control by increasing their dependence on 
non-standard growth factors (e.g. NT) and overexpressing their 
specific receptors (e.g. NTR1). Therefore, an agent which can 
specifically block NTR1 receptor/pathways could provide significant 
enhancement to antitumor therapy. Our results show that inhibition of 
NTR1 with SR48692, a selective small-molecule antagonist of NTR1, 
sensitizes prostate cancer cells to radiation, while the effects on 
normal prostate epithelial cells are minimal. The selectivity is due to 
the differences in NTR1 expression: NTR1 is present in cancer but not 
in normal cells. We demonstrate that stimulation of NTR1 results in 
trans-activation of EGFR signaling pathways and androgen receptor 
(AR) stabilization, leading to the increase in resistance and survival. 
Blocking NTR1 with SR48692 enhances radiation-induced cell 
killing, mainly through apoptosis. We also demonstrate that SR48692-
directed radiosensitization is independent on p53 and AR status in 
prostate cancer cells. Most importantly, the combination therapy 
(SR48692 with RT) significantly suppresses xenograft tumor growth 
in nude mice. Presented studies strongly suggest that targeting NTR1 
receptor and/or neurotensin signaling pathways are novel and viable 
approaches to improve RT. Our results also support the hypothesis 
that NTR1 plays an important role in cancer development, progression 
and resistance. We postulate that NTR1 inhibition could be used as a 
method to sensitize several types of tumors, since the receptor has 
been reported to be differentially expressed in lung, breast, colon and 
head and neck cancers. 
[This work was supported by US Department of Defense award 
W81XWH-08-1-0114]. 
 
POS20-06. Peptide aptamers targeting Hsp27: a new approach for 
radiation sensitization. In vivo inhibition of Hsp27 tumorigenic 
functions. Elie Hadchity Elie Hadchity1, M. Aloy2, B. Gibert3, P. 
Colas4, A. Arrigo3, C. Diaz-Latoud3, C. Rodriguez-Lafrasse5, 1: Holy 
Spirit University Kaslik, Lebanon 2: Department of Cellular and 
Molecular Radiobiology, EA3738, Lyon-Sud Medical School, Lyon, 
France 3: Molecular and Cellular Genetic Center, CNRS UMR5534, 
University of Lyon, Lyon, France 4: CNRS USR 3151, Station 
Biologique, Roscoff, France 5: Department of Cellular and Molecular 
Radiobiology, EA3738, Lyon-Sud Medical School, Laboratoire de 
Biologie des Tumeurs, Pierre Bénite, France 
 
Human heat shock protein 27 (Hsp27) is an antiapoptotic protein 
characterized for its tumorigenic and metastatic properties, and now 
referenced as a major therapeutic target in many types of cancer. 
Hsp27 biochemical properties rely on a structural oligomeric and 
dynamic organization. Downregulation of its expression by antisense 
oligonucleotide or small interfering RNA has proven their efficiency 
to counteract the antiapoptotic and protective properties of Hsp27 
leading to chemo- and radio-sensitization effects. 
We investigated, in vitro and in vivo, whether functionally inhibition 
of Hsp27 using the peptide aptamer (PA) strategy, sensitizes the 
radioresistant SQ20B head and neck squamous carcinoma cells to 
gamma-irradiation. PAs expression perturbed the dimerization and 
oligomerization of Hsp27, and acted as negative regulators of the 
antiapoptotic and cytoprotective activities of this protein. We 
characterized two aptamers PA11 and PA50 that functionally inhibit 
Hsp27 and sensitize cancer cells to apoptosis in vitro and in vivoby 
disrupting the biochemical functions of the protein. 
Constitutive expression of PA 11 and 50 in SQ20B cells (survival 
fraction at 2 Gy (SF2) = 0.75) increased the clonogenic cell death after 
irradiation. The survival fraction at 2 Gy, used as an index of 
radiosensitivity, shifted from 0.75 Gy in SQ20B-PA control cells to 
0.40 and 0.51 Gy in SQ20B-PA11 and SQ20B-PA50 cell lines, 
respectively. 
In vivo, nude mice bearing heterotopic SQ20B PA-expressing cells 
xenografts showed a strongly reduced tumor growth of 80 and 50% in 
SQ20B-PA11 and SQ20B-PA50 tumor xenografts, respectively, 
compared to SQ20B-PA control mice. The underlying mechanism of 
action of both PAs in reducing the tumor development involved a 
significant alteration of tumor cell proliferation by blocking the cell 
cycle.     
These findings confirm that Hsp27 is a therapeutic target in cancer 
and suggest that PAs could provide a potential tool to develop 
strategies for the discovery of Hsp27 chemical inhibitors. 
 
POS20-07. Induction of micronuclei in reticulocytes of peripheral 
blood and bone marrow of male mice exposed to X-rays, 
bisphenol A and to a combination of both. Aneta Gajownik, J. 
Radzikowska, M. Dobrzyńska, Department of Radiation Protection 
and Radiobiology, National Institute of Public Health-National 
Institute of Higiene, Poland 
 
Bisphenol A (BPA) is one of the endocrine disruptors. There are few 
reports that BPA may cause DNA damage or unequal distributions of 
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chromosomes. This compound is a major component of epoxy, 
polycarbonate and other resins. Radiation is a well-known mutagenic 
and carcinogenic agent. Exposure to X-rays is possible in cancer 
therapy and during diagnostic investigations. 
This study had on purpose to estimate the effects of bisphenol A, X-
rays and combined exposure to X-rays and bisphenol A on the 
induction of micronuclei (MN) in the peripheral blood and bone 
marrow reticulocytes. 
Male mice Sfis-PZH were irradiated with 0.05 Gy or/and treated with 
bisphenol A (5 mg/kg mc, 10 mg/kg mc, 20 mg/kg mc) or exposed to 
a combination of both (0.05 Gy + 5 mg/kg BPA) for 8 weeks. 
Peripheral blood was collected from caudal vein at 1, 4 and 8 weeks of 
exposure, but bone marrow after termination of experiment only. 
Both bisphenol A and X-rays stimulated induction of mironuclei in 
peripheral blood and bone marrow reticulocytes but the level of MN 
following irradiated was markedly higher. The results of 10 mg BPA, 
20 mg BPA after 1 week of exposure and of 5 mg BPA, 10 mg BPA 
after 4 weeks of exposure were statisticall significant different from 
controls in peripherial blood. On the other hand in bone marrow the 
statistically significantly different result was only in 5 mg BPA group. 
Combined exposure of X-rays and bisphenol A induced higher 
frequency of micronuclei compared to effect produced by BPA alone. 
The results of combined exposure of X-rays and bisphenol A were 
statistically significant. 
X-rays is probably the agent which decided about DNA damage 
following combined exposure. Bisphenol A seems to be a weak 
mutagen. 
 
POS20-08. In vitro and in vivo targeted radiosensitization by the 
Chk1 inhibitor SAR-020106. Gerben Borst1,2, Joan Kyula1, Martin 
McLaughlin1, Sari Neijenhuis1, James Good1, Ian Collins1, Michelle 
Garrett1, Marcel Verheij2, Kevin Harrington1, 1: The Institute of 
Cancer Research, Section of Cell and Molecular Biology, London, 
UK, 2: Netherlands Cancer Institute – Antoni van Leeuwenhoek 
Hospital, Amsterdam, Neterlands 
  
Selectively targeting radiation (RT)-induced DNA damage repair 
mechanisms in tumour and not normal cells can lead to significant 
therapeutic gains. Abrogation of the G2 checkpoint by Chk1 inhibition 
may selectively enhance genotoxic death in cells unable to arrest in 
G1 phase of the cell cycle. This is the case for p53 mutant (mt) and 
HPV+ tumour cells. Our purpose was, therefore, to explore the effect 
of Chk1 inhibition (SAR-020106) in combination with RT in p53 mt 
or HPV+ cells compared to p53 proficient (wt) cells. 
Colony assays in p53 mt or HPV+ tumour cells showed significant 
radiosensitization by Chk1 inhibition in contrast to p53 wt cell lines. 
This effect was also shown in short-term culture by caspase activity 
assays. The initial DNA damage measured by gH2AX foci (<4 hours 
after RT) was similar between p53 mt and p53 wt cells and between 
treatment with RT only and RT plus SAR-020106.  However, the later 
phase of repair (>24 hours after RT) was different; cells unable to 
arrest in G1 had significantly more DNA damage but only when 
treated with SAR-020106. 
Whereas abrogation of RT-induced G2 phase arrest using the Chk1 
inhibitor was observed in all cell lines, this was only compensated by 
an increase in G1 phase population for cell lines with functional p53. 
Within the group of cell lines unable to arrest in G1, some enter the 
subG1/G0 phase after DNA damage, whereas others proceed through 
the cell cycle (including mitotic entry) and become aneuploid before 
cell death. 
Time-lapse experiments using fluorescence ubiquitination cell cycle 
indicator (Sakaue-Sawano et al. 2008), comprehensively confirmed 
the results of the cell cycle and radiosensitization analysis and 
provided further insights into mechanisms of cell death after RT alone 
or when combined with Chk1 inhibition. 
In vivo radiosensitization was confirmed by delayed tumour growth 
and increased survival in a clinically relevant human tumour xenograft 
model of p53 mt cells using a schedule of repeated drug doses and 
fractionated irradiation. 
In conclusion, radiosensitization was achieved in vitro and in 
vivo with inhibition of the RT-induced G2 arrest through Chk 1 
inhibition in tumour cells unable to arrest in G1 because of p53 
mutations or HPV positivity. As a result, Chk1 inhibition is a very 
promising strategy for targeted radiosensitization in many tumour 
types. 
  
POS20-09. Microbeam radiation therapy alters microvascular 
architecture and tumor oxygenation and is enhanced by anti-
angiogenic peptide therapy. Robert Griffin1, N. Koonce2, E. Moros2, 
E. Brauer-Kirsche3, R. Dings4, P. Corry2, 1: Univ of Arkansas for 
Medical Sciences, USA 2: UAMS, USA 3: ESRF, France 4: 
University of Minnesota, USA 
 
Purpose: To determine the therapeutic potential synchrotron-produced 
microbeam radiation therapy (MRT) alone and in combination with an 
anti-angiogenic peptide, anginex (Ax) and changes induced in tumor 
oxygenation and vascular composition.  
Materials and methods: The growth of 4T1 mouse mammary 
carcinomas following various spatial and dose combinations of MRT 
with and without daily anginex treatments was assessed.  MRT beam 
size and spacing were planned to irradiate approximately half of the 
tumor volume in the following ratios: 50uM beams spaced 200uM 
center to center (ctc) and 500 uM beams spaced 2000 uM ctc using 
peak beam doses of 150Gy or 75Gy for each 
spacing.  Immunohistochemical staining of tumor hypoxia and 
vascular networks (endothelium and smooth muscle) following these 
treatments were analyzed. 
Results: MRT administered in 50 uM beams at 150Gy was most 
effective in delaying tumor growth.  Fifty uM beams at 75 Gy induced 
growth delay intermediate between 150 Gy and control (untreated 
tumors). The 500 uM beams at 75 Gy were unable to alter tumor 
growth compared to control and 500 uM,  150 Gy induced 
intermediate tumor growth delay.  However, daily anginex dosing at 
20 mg/kg along with the 500 uM, 75 Gy MRT increased the relevant 
tumor response most significantly compared to MRT alone out of the 
conditions tested.  Anginex treatment of animals whose tumors 
received the 50uM beams at 150Gy also led to a significant 
improvement in growth delay nearly inducing tumor stasis over the 
study period (2 weeks).  Microvessel density was significantly 
decreased after MRT alone at day 3 and day 7 for the 50uM 150Gy, 
500uM 150Gy, 50uM 75Gy groups but not the 500uM 75Gy group 
and persisted until day 14 for the 500uM 150Gy.  The addition of 
anginex treatment further decreased the MVD quantified in all 
combination treatment groups.  Finally, the level of tumor hypoxia, as 
assessed by pimonidazole staining, was decreased at 1, 3, 7 and 14 
days after MRT only in both groups receiving 150 Gy peak dose 
MRT. 
Conclusion:  Our results suggest that tumor microvascular damage 
induced by MRT may be exploited using anti-angiogenic agents and 
enhance the overall tumor response to lower entrance dose 
MRT which may improve normal tissue sparing.   Supported by 
Central Arkansas Radiation Therapy Institute. 
 
POS20-10. Prevention of EGFR autophosphorylation by new 
genistein derivatives in HCT 116 and DU 145 cells treated with 
ionizing radiation. Aleksandra Gruca1, A. Gruca1, A. Rusin2, A. 
Gogler-Pigłowska3, J. Zawisza-Puchałka4, W. Szeja4, Z. Krawczyk5, 
1: a – Department of Organic Chemistry, Bioorganic Chemistry and 
Biotechnology, Faculty of Chemistry, Silesian University of 
Technology; b – Center for Translational Research and Molecular 
Biology of Cancer, M. Skłodowska-Curie Memorial Cancer Center 
and Institute of Onclogy, Poland 2: Center for Translational Research 
and Molecular Biology of Cancer, M. Skłodowska-Curie Memorial 
Cancer Center and Institute of Oncology, Gliwice Branch, Poland 3: 
Center for Translational Research and Molecular Biology of Cancer, 
M. Skłodowska-Curie Memorial Cancer Center and Institute of 
Oncology, Gliwice Branch, Poland 4: Department of Organic 
Chemistry, Bioorganic Chemistry and Biotechnology, Faculty of 
Chemistry, Silesian University of Technology, Poland 5: a - 
Department of Organic Chemistry, Bioorganic Chemistry and 
Biotechnology, Faculty of Chemistry, Silesian University of 
Technology; b – Center for Translational Research and Molecular 
Biology of Cancer, M. Skłodowska-Curie Memorial Cancer Center 
and Institute of Onclogy, Poland 
 
Purpose: To explore whether novel glycosidic genistein derivatives 
which modify the activity of epidermal growth factor receptor (EGFR) 
enhance cytotoxic effects of ionizing radiation against colorectal 
carcinoma (HCT 116) and human prostate cancer (DU 145) cells. 
Background: EGFR, has been shown to be highly overexpressed in 
many types of cancers including colon and prostate. Its activation 
initiates signal transduction modulating cell proliferation, migration, 
adhesion, apoptosis, metastasis. Stimulation of EGFR phosphorylation 
by ionizing radiation is considered as the mechanism of 
radioresistance.  Our former study revealed that certain novel 
glycosidic genistein derivatives, notably Ram3 and G21 arrested cell 
cycle in G2/M phase and inhibited activity of tyrosine kinases. This 
observation suggested that these genistein conjugates would possibly 
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block the radiation-induced activation of EGFR thus potentate the 
effect of radiotherapy. 
Methods and materials: HCT 116 and DU 145 were exposed to 
genistein derivatives G21 and Ram3 followed by ionizing radiation. 
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide)and clonogenic cell survival assays were performed to 
determine Ram3 and G21 cytotoxicity. EGFR phosphorylation 
inhibition was determined using Western blotting analysis. 
Synergistic/additive effects of Ram3 and G21 in combination with 
radiotherapy were studied by clonogenic analysis. Chou–Talalay‘s 
algorithm was used for calculation of the dose effect curves and the 
combination indices. Flow cytometry and fluorescence microscopy 
analyses were used to evaluate cell cycle arrest in radiosensitive G2/M 
phase. Apoptotic cells were detected using TUNEL assay. 
Results: Novel genistein derivatives Ram3 and G21 exhibited 
antiproliferative activity against HCT 116 and DU 145 cell lines and 
acted as inhibitors of EGFR phosphorylation. Both compounds 
prevented EGFR autophosphorylation induced by ionizing radiation. 
In combination with ionizing radiation G21 and Ram3 revealed 
synergistic or additive effects on HCT 116 and DU 145 proliferation 
inhibition, depending on the line tested and the concentration/dose. 
Conclusions: Glycosidic genistein derivatives Ram3 and G21 can be 
considered as lead compounds in search for new drugs useful in 
combined-modality chemoradiotherapy due to inhibition of a cell 
cycle in a radiosensitive G2/M phase and preventing radiation-induced 
autophosphorylation of EGFR. 
 
POS20-11. The radiosensitizing potential of two EGFr tyrosine 
kinase inhibitors based on the G2-chromosomal radiosensitivity 
assay. Vasiliki Hatzi, S. Triantopoulou, M. Bella, A. Valasi, A. 
Bourkoula, T. Magelis, I. Pirmettis, M. Papadopoulos, G. Terzoudi, G. 
Pantelias, M. Paravatou-Petsotas, NCSR Demokritos, Greece 
 
ATP site-directed EGFr tyrosine kinase inhibitors (TKIs) have shown 
antitumor activity in subsets of patients with non-small cell lung 
cancer, squamous cell carcinomas of the head and neck, and other 
malignancies, and have been also considered as potential 
radiopharmaceuticals for PET and SPECT imaging. Their greatest 
potential may be realized when used in conjunction with radiotherapy. 
The aim of the present study was to estimate the radiosensitizing 
potential of two quinazoline derivatives TKIs which bind the receptor 
in a different mode - 6-amino-4-[(3-bromophenyl)amino]-
quinazoline (A)and N-{4-[(3-bromophenyl)amino]-quinazoline-6-yl}-
2-chloroacetamide quinazoline (Ž) that bind the EGFr respectively in 
a reversible and irreversible mode - in human cells in vitro. 
For this purpose, the radiosensitizing potential of both quinazoline 
derivatives was tested on the radioresistant A431 human cell line by 
means of the G2-chromosomal radiosensitivity assay since an increase 
in the yield of chromatid type aberrations has been linked with 
increased radiosensitivity. Based on this, the experimental protocol 
involves the following steps: (a) exposure of A431 cell to both 
quinazoline derivatives independently at selected concentrations, (b) 
G2-phase irradiation exposure (1 Gy, γ-rays, 
60Co) of A431 cells, (c) 
analysis of chromatid type aberrations at the subsequent metaphase 
and G2-chromosomal radiosensitivity estimation. 
The results indicate that pre-irradiation exposure of A431 cells to 
quinazoline derivatives A and Ž induces a statistically significant 
increase (p<0.001) in radiosensitizing effect with respect to reference 
value (cell exposed to ionizing radiation only). At concentrations 
inducing the same cytotoxic effect (MTT assay-IC50values), the 
compound A which binds to EGFr reversibly, has shown a more 
potent radiosensitizing effect with respect to quinazoline 
derivative Ž which binds to the receptor irreversibly. The mechanisms 
underlying the observed induced chromosomal radiosensitization will 
be further discussed with the future goal of optimization the use of 
TKIs in combined chemo- and radiotherapy protocols. 
 
POS20-12. Hydrogen peroxide enhances radiation-induced 
apoptosis in hypoxic PC-3 prostate cancer cell line. Shinji Kariya, 
S. Tokuhiro, R. Akima, Y. Ogawa, Kochi Medical School, Japan 
 
Purpose: We previously reported that hydrogen peroxide (H2O2) 
strongly enhanced radiation-induced apoptosis in PC-3 prostate cancer 
cell line, that this apoptosis was lysosome dependent, and that 
mitochondria exists downstream lysosome in apoptotic pathway 
(IJROBP75: 49-454, 2009). In this study, we studied how 
H2O2 affected radiation-induced apoptosis in PC-3 prostate cancer cell 
line under the hypoxic condition. 
Materials and Methods:  PC-3 cells were maintained in a humidified 
incubator at 37℃ under a 1% (7.6mmHg) O2/5% CO2/94% air 
atmosphere. Subsequently, cells were exposed to H2O2 just before the 
irradiations, which were administered with 10-MV X-rays. O2 tension 
of the medium in which the PC-3 cells were cultured was measured by 
a partial oxygen measurement system. The Percentage of apoptotic 
cell was determined by flow cytometry. 
Results: Also under the hypoxic condition, H2O2 enhanced radiation-
induced apoptosis in PC-3 prostate cancer cell line.  Immediately after 
the administration of H2O2 into the medium, the O2 tension of the 
medium in which the PC-3 cells were cultured increased. The average 
of the O2 increased tension in the medium after 7 minutes of the 
administration of 0.1, 0.2, 0.4, and 1.0 mM H2O2 were 3.6, 6.4, 24.8, 
and 62.0 mmHg, respectively. Meanwhile the activation of glutathione 
peroxidase in the cells was decreased. 
 Conclusions: O2 which H2O2 generated may have transmuted the 
hypoxic cancer cells to normal oxic cells. H2O2 also decreased the 
activation of glutathione peroxidase and may have led to prevent the 
removal of the generated hydroxyradical. In conclusion, it was 
suggested that these phenomena were a part of the reasons why 
H2O2 enhanced radiation-induced apoptosis in PC-3 prostate cancer 
cell line under the hypoxic condition. 
 
POS20-13. Radiosensitization of cancer cells by 
enzymotherapeutic deprivation of the semi-essential amino acid 
arginine. Leoni Kunz-Schughart1, B. Vynnytska-Myronovska1, Y. 
Bobak2, C. Dittfeld1, Y. Garbe1, O. Stasyk2, 1: OncoRay - National 
Center for Radiation Research in Oncology, Germany 2: Institute of 
Cell Biology, National Academy of Sciences of Ukraine, Ukraine 
 
Arginine deprivation by enzymotherapy is a promising new strategy 
for metabolic anticancer treatment. Application of arginine-degrading 
enzymes mainly harbors cytostatic effects in vitro and in vivo but may 
also induce apoptosis, thus is potent of tumor growth inhibition. This 
phenomenon serves as a good rationale for the development of novel 
combinational approaches based on arginine starvation. It was 
previously demonstrated by us that low concentrations of the arginine 
natural analogue canavanine accelerate and augment arginine 
deprivation-induced apoptosis when co-introduced with an arginine-
degrading enzyme; an effect that was selective for tumor cells. In the 
present work we aimed to evaluate the anticancer potential of the 
combined treatment of external irradiation and arginine starvation 
with or without low concentrations of canavanine using a spheroid-
based test platform and spheroid regrowth probability and spheroid 
control dose 50 (SCD50), respectively, as analytical endpoint. This 
turned out to be a particularly relevant methodological approach 
because several cell types showed an unexpected loss of sensitivity to 
arginine deficiency in a 3-D as compared to 2-D cellular context. 
Nonetheless, with the set-up we could reveal as hypothesized from the 
surviving fractions at 2 Gy (SF2Gy) in 2-D culture, that pre-incubation 
of HT29 colorectal cancer spheroids in arginine-free culture medium 
or pre-exposure with a therapeutically useful arginine-degrading 
enzyme (human recombinant arginase) resulted in a decrease in the 
spheroid control dose 50 (SCD50) from 16.3 to 9.8 Gy. And 
SCD50 even decreased to about 5 Gy when arginine-deprivation was 
combined with non-toxic concentrations of canavanine before 
irradiation. These data strongly suggest that arginine deprivation alone 
or in combination with specific drugs is a promising strategy to 
sensitize (colon) cancer cells to irradiation. 
This work was supported by a DAAD scholarship awarded to B.V. 
 
POS20-14. The possible chemopreventive effects of Monascus on 
prostate related disease and the enhanced therapeutic potency for 
prostate cancer combined with irradiation. Yu-Hsuan Lee1, S. Ho2, 
1: Department of Environmental and Occupational Health, National 
Cheng Kung University, Medical College, Tainan, Taiwan 2: Sinlau 
Christian Hospital, Tainan, Taiwan 
 
Prostate cancer is one of the most common tumors among men in 
United State. Radiotherapy is one of the treatments for prostate 
cancer. Recently, Monascus has been reported its antiproliferation 
effects on prostate cancer. The aims of this study were to investigate 
the anticancer effect of irradiation (IR) combined with Monascus on 
prostate cancer cells and evaluate the chemoprevention effect 
of Monascus on prostate-related disease. PC-3 cells were used in this 
study. Cell viability was counted by trypan blue. Cell cycle and 
apoptosis were analyzed by flow cytometry. DNA damage level was 
observed by comet assay. Western blotting was used to determine 
pathway-related protein expression. In chemoprevention part rats were 
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induced prostate-related disease with testosterone and carcinogen. By 
the end point, we calculated the prostate size ratio of rats and 
determined their biochemistry profiles 、pathological changes by 
biochemistry analyzer、pathological section (H&E stain) and specific 
ELISA kits. The results indicated that the anti-cancer effect of 
combined treatment is more effective than IR or Monascus alone in 
PC-3 cells. The combined treatment did not increase the percentage of 
apoptosis but autophagy. Furthermore, combined treatment caused 
more DNA damage and ER stress than IR and Monascus alone. In 
xenograft model, the combined treatment group had a 70% reduction 
in tumor size compared with positive control group. In addition to 
chemoprevention, we found that the prostate size ratio、PSA (prostate 
specific antigen)、triglyceride and total cholesterol of rats were 
significant lower than positive control group. Our data suggested 
that Monascus, which is used in traditional medicine for the treatment 
of various ailments, may be a novel agent for treatment with prostate 
cancer and prevention of prostate-related disease. 
 
POS20-15. The PLK1 inhibitor BI2536 causes increased radio-
sensitivity or -resistance depending on the timing of 
treatment. Christin Lund-Andersen, R. G. Syljuåsen, Oslo University 
Hospital, Norway 
 
PLK1 is overexpressed in several types of cancers and Plk1-inhibitors 
are in clinical trials for cancer treatment. Recently, two reports 
indicate a radiosensitization effect by PLK1 depletion. These studies 
suggest that combined treatment with PLK1-inhibitors and radiation 
therapy may be beneficial. However, several mechanistic studies of 
the G2 checkpoint have shown that PLK1 is required to enter mitosis 
following IR-induced G2 checkpoint arrest. Thus, addition of PLK1-
inhibitors will lead to a longer IR-induced G2 checkpoint, which 
presumably will cause increased DNA damage repair and 
radioresistance. It is therefore surprising if PLK1-inhibitors cause 
radiosensitization. In non-irradiated cells, it is known that PLK1-
inhibition will cause mitotic arrest. Mitotic cells are known to be more 
radiosensitive. It is therefore possible that PLK1-inhibitors will 
sensitize cells to IR only if they are added several hours before IR to 
allow accumulation of cells in mitosis before IR. 
We have treated human osteosarcoma and colorectal cancer cells with 
the PLK1-inhibitor BI2536 before and after irradiation and analyzed 
the cells by clonogenic survival assay, flow cytometry and Western 
blotting. Our data show that the G2 checkpoint is prolonged and the 
radioresistance is increased in cells when treated with the PLK1 
inhibitor immediately after IR. However, the cells treated with PLK1-
inhibitor several hours before IR arrest in mitosis and are more 
radiosensitive. These data suggest that PLK1-inhibitors would need to 
be administrated several hours before radiation in order to obtain 
synergistic effects between PLK1-inhibition and radiation therapy. 
 
POS20-16. Mechanisms of late vascular damage and potential 
dangers of anti-angiogenic therapy combined with 
radiation. Monica Mangoni1, S. Cassani1, E. Deutsch2, M. Catherine 
Vozenin2, 1: Università di Firenze, Italy 2: Institut Gustave Roussy, 
France 
 
Introduction: Combined-modality therapy is highly needed to improve 
the therapeutic index of radiotherapy as it is expected to substantially 
improve locoregional control and survival in patients with lung, rectal, 
esophageal, and head and neck cancers. However, these improvements 
could come at the cost of increased acute and delayed toxicities. The 
first report of three dead patients in a clinical trial, evaluating the anti-
tumor efficacy of bevacizumab (Avastin®) combined with 
radiotherapy in lung cancer patients, has been followed by a serie a 
clinical reports showing high incidence of unexpected side effects. 
These reports bring to the light important questions about the safety of 
such novel treatment modalities and underscore the need of 
appropriate preclinical investigations. In this context, the present study 
is the first systematic evaluation of normal tissue toxicity triggered by 
anti-angiogenic agent combined with radiation therapy Methods: All 
experiments were performed in accordance with European 
recommendations for the care and use of laboratory animals and GLP. 
A total of 340 10-12 weeks old female C57B6 mice (Janvier) entered 
the study. Acute toxicity was monitored studying radiation-induced 
intestinal ulceration (12Gy TBI), sub-acute toxicity using a model of 
oral mucositis (16,5Gy localized), late radiation injuries was 
investigated by monitoring occurrence of lung fibrosis (bleomycin-
induced and 19Gy localized). In all three models irradiation was 
combined or not with a mouse anti-VEGF Mab (5 mg/Kg). Results: 
Combination of irradiation with the mouse-anti-VEGF Mab enhanced 
intestinal damages with severe epithelial ulceration and glands 
exhibiting necrotic changes. Then we reasoned that cancer patient 
often undergo various anti-cancer treatment regimen and are very 
likely to have an altered GI mucosa that could worsen anti-VEGF 
Mab toxicity. Therefore, we created a chemically-induced ulceration 
using intra-rectal administration of 150 mg/Kg TNBS (2,4,6-
trinitrobenzen sulfonic acid) prior administration of the combined 
therapeutic. Mouse-anti-VEGF antibody dramatically increased TNBS 
and RT-induced ulceration showing an almost complete mucosal 
depletion prone to fistula formation. Second, we investigated mouse-
anti-VEGF Mab effect on oral mucositis. In that case, anti-VEGF-
Mab treatment seemed to enhance the wound healing process with a 
moderate histological improvement of tissues structure. Lastly, the 
effect of the murine anti-VEGF Mab on the development of lung 
fibrosis was investigated. Administration of the mouse-anti-VEGF 
Mab dramatically worsens the fibrotic picture induced by bleomycin 
and irradiation. Inflammatory patch surrounding vessels and even 
dramatic ruptures of the vascular wall located in the medium/large 
sized vessels were observed. Conclusion: Our results are concerning 
as we observed occurrence and enhancement of late toxicity yet 
unreported but also highlight the complexity of anti-VEGF action, 
which could in defined conditions exert tissue-specific mucosal 
protection. These first set of experiments were designed to provide a 
quick answer to clinicians and should persuade them to use 
combination of targeted drugs with radiotherapy with caution and also 
clearly demonstrate that further investigations are required to decipher 
the mechanisms involved in these toxicities. 
  
POS20-17. Screening of flavonoids sensitizing radiation sensitivity 
of cancer cells. Ken Ohnishi1, S. Bando1, N. Kubota1, H. Takemori2, 
O. Hatano3, 1: Ibaraki Prefectural University of Health Sciences, 
Japan 2: National Institute of Biomedical Innovation, Japan 3: Nara 
Medical University, Japan 
 
There are many kinds of phytochemicals derived from plants 
including flavonoids (over than 7,000). However, the anti-cancer 
functions of flavonoid are not fully understood. Only some kinds of 
flavonoid such as apigenin, genistein, fisetin and luteolin are reported 
to enhance radiation sensitivity. This study examined the function as 
radio-sensitizer in about 40 kinds of flavonoid whose anti-cancer 
functions are little known. Radio-sensitization function of the 
flavonoids was analyzed with colony formation assay in cancer cells 
(H1299) and normal cells (lung fibroblasts, HFL-III).  We newly 
found that some flavonoids are available as a radio-sensitizer. The 
molecular mechanisms of radio-sensitization of the flavonoids are 
now being examined. 
 
POS20-18. Radiosensitivity of human colon cancer cells was 
enhanced by phyto-estrogen biochanin A. Abhay Puthli1,2, R. 
Tiwari1,2 S. Balakrishnan2, B. K. Sapra and K. P. Mishra1,3; 1: 
Department of Life Sciences, University of Mumbai, Mumbai, India 
2: Radiological Physics & Advisory Division Bhabha Atomic 
Research Centre, Mumbai, India 3: Nehru Gram Bharati University, 
Allahabad 211 002, India 
   
Evaluation of herbal/plant products as effective radiosensitizer and 
radioprotector form active area of radiobiological research. The key to 
success of new strategies in improving cancer radiotherapy depends 
on achieving the increased tumor cytotoxicity while reduced adverse 
effects on normal tissues. Present study describes the combined effects 
of phytoestrogen, Biochanin A (BCA) a methyl derivative of 
Geneistein, on the process of radiation-induced cell death on normal 
and cancer cells.  Radioresistant colon cancer cells, HT29, respond 
poorly to therapeutic radiation doses attributable p53 mutation. We 
found that Biochanin A treatment (1-125 µM) inhibited cancer cell 
proliferation in HT29 but did not affect normal human keratynocytes 
HaCaT cells. The treatment enhanced the inhibitory effect of γ 
radiation (2 Gy) from IC50of 116 µM to 55 µM in colon cancer cell 
but significantly protected normal cells. The radiation induced 
intracellular ROS was measured using DCHFDA (2, 7-
dichlorodihydrofluorescein diacetate) as the fluorescence probe. 
Treatment with BCA (100 µM) followed by γ radiation (2 Gy) showed 
about 13 fold increase in ROS as compared with the controls in colon 
cancer cells. However, no increase in ROS was observed in normal 
cells compared to its irradiated control. The enhanced ROS in HT29 
cell acted on the mitochondria and caused lipid membrane damage as 
measured by DiOC6 probe and cisparinaric acid probe respectively. 
The DNA damage was evaluated by Comet Assay and results have 
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shown that tail length and olive tail moment significantly increased 
combining BCA and radiation. Loss of mitochondrial potential 
resulted in the increase of pro-apoptotic protein Caspase 3. It is 
concluded that pre-treatment with Biochanin A and radiation 
increased the radiosensitivity of colon cancer cells but spared normal 
cells. 
 
POS20-19. Inhibition of aVb3 and aVb5 integrins by cilengitide 
improved tumor response to radiation in human head and neck 
squamous cell carcinoma and non-small cell lung cancer 
models. Uma Raju1, L. Wang1, D. R. Valdecanas1, D. P. Molkentine1, 
L. Milas1, K. A. Mason1, K. Kian Ang1, S. L. Goodman2, U. Raju1, 1: 
University of Texas M.D. Anderson Cancer Center, USA 2: Merck 
KGaA, Germany 
 
Purpose: Integrins are implicated in resistance of solid tumors to 
therapies, including radiation therapy, suggesting that their inhibition 
would enhance efficacy of tumor therapy. We investigated the 
efficacy of cilengitide, a cyclic Arg-Gly-Asp (RGD)-derived peptide 
that inhibits aVb3 and aVb5 integrins, in enhancingin vitro cancer cell 
radiosensitivity and in vivo radioresponse of cancer xenografts. 
Methods: Three non-small cell lung carcinoma lines (NSCLCs) 
(H460, A549 and H1299) and three head and neck squamous cell 
carcinoma lines (HNSCCs) (FaDu, SCC-15 and SCC-25) were used 
for in vitroexperiments. Of these, H460 and FaDu were used for in 
vivo testing when grown as xenografts in mice. The effects of 
cilengitide on in vitro cell viability and on cellular radiosensitivity (by 
clonogenic cell survival assay) were determined. In vivo effect of 
cilengitide on radioresponse of xenografts was assessed by tumor 
growth delay. 
Results: Cilengitide reduced in vitro viability of 7 out of 8 cell lines 
tested, which ranged between 71.4 ± 2.2% (SCC-15) and 27.8 ± 4.2% 
(H1299). In general, NSCLCs were more sensitive to cilengitide than 
HNSCCs. When combined with radiation, cilengitide significantly 
enhanced the radiosensitivity of all 3 NSCLC. In contrast, cilengitide 
exerted only an additive effect on radiosensitivity of HNSCC lines. 
However, in vivo tumor growth delay studies showed that cilengitide 
as a single agent had no antitumor activity, but in combination with 
radiation it significantly enhanced response of both H460 (NSCLC) 
and FaDu (HNSCC) tumor xenografts.  
Conclusion: The results showed that cilengitide reduced in vitro cell 
viability of NSCLCs and HNSCCs. When combined with radiation, 
cilengitide enhanced radiosensitivity of HNSCCs. Cilengitide was 
effective in enhancing radiation response of both lung (H460) and 
head and neck (FaDu) tumor xenografts. These synergistic effects of 
cilengitide with radiation are in line with results obtained for a 
glioblastoma rat model (Mikkelsen, et al. Int J Cancer 2009). These 
results suggest that cilengitide has potential to improve the treatment 
outcome of patients with NSCLC and HNSCC when combined with 
radiotherapy. Mechanistic studies addressing cilengitide-radiation 
interactions are underway. 
Supported by EMD Serono Merck KGaA, Germany and P0-1 CA-
06294 
 
POS20-20. Effect of ethacrynic acid (EA) on the pharmacokinetics 
of Ex-RAD® (ON 01210.Na) in the isolated perfused rat liver 
model (IPRL). Chen Ren1, Mitalee Tamhane2, D. Taft2, M. Maniar1, 
1: Onconova Therapeutics, Inc., Newtown, USA 2: Long Island 
University, USA 
 
Ex-RAD® (ON 01210.Na), a novel benzyl styryl sulfone analog being 
developed as a promising new radioprotectant by Onconova 
Therapeutics Inc., has completed two Phase I clinical safety trials 
under an Investigational New Drug (IND) exemption.  ON 01210.Na 
has demonstrated increased survival in cellular, tissue and animal 
radiation models. Its virtual lack of side effects at effective dosage 
makes ON 01210.Na an attractive candidate both as a prophylactic 
agent and as a therapeutic treatment for mitigation by enhancing cell 
survival and DNA repair mechanisms. Previous studies found that 
ON 01210.Na was extensively metabolized to a glutathione (GSH) 
conjugate in vitro and in vivo by glutathione-S-transferase (GST). The 
objective of this study was to determine the hepatobiliary disposition 
of Ex-RAD® in the isolated perfused rat liver (IPRL) model and to 
examine the effect of co-administration of ethacrynic acid (EA), a 
prototype GST inhibitor, on the pharmacokinetics of ON 01210.Na in 
the model. ON 01210.Na showed non-linear pharmacokinetics in dose 
escalation studies in the IPRL (target concentrations 10, 50, 100, 250 
µg/mL) with clearance decreasing from 3.14 to 1.99 mL/min with 
increasing dose. The glutathione adduct metabolite of ON 01210.Na 
formed in liver was mainly excreted into the bile. Less than 1% of the 
parent drug was recovered from IPRL perfusate at lower doses (target 
concentrations < 100 µg/mL), but total recovery increased 10-fold at 
the highest dose tested (250 µg/mL). Perfusate recovery increased 
from 9.5% to 54% when EA (1mM) was co-administered with 
ON 01210.Na (250 µg/mL), and clearance was reduced by almost 5-
fold. The results suggest that EA co-administration could significantly 
inhibit the conversion of ON 01210.Na to its glutathione conjugate in 
rats, resulting in decreased clearance, prolonged half-life and greater 
systemic exposure of ON 01210.Na. Accordingly, combination 
treatment with EA could potentially help achieve and sustain effective 
plasma levels of ON 01210.Na at a fraction of the dose by altering its 
metabolic profile, which in turn could open avenues for administering 
ON 01210.Na by extravascular routes thus enhancing patient 
compliance. 
 
POS20-21. In vivo short term 9L gliosarcoma vasculature 
response to concomitant Microbeam Radiation Therapy and 
sorafenib treatments. Raphael Serduc1, A. Bouchet1, B. Lemasson1, 
C. 1, N. Coquery1, P. Robert2, G. Le Duc3, E. Brauer3, I. Tropres1, E. 
Barbier1, C. Remy1, 1: Inserm U836, France 2: Guerbet, France 3: 
ESRF, France 
 
The aim of this work was to evaluate the vascular responses of the 9L 
brain tumor after synchrotron microbeam radiation therapy (MRT, 
based on the spatial fractionation of the x-ray beam) associated or not 
with Sorafenib (SORA), a multikinase inhibitor. Our team has 
developed original methods for mapping functional parameters of the 
microvasculature: blood volume (BV) and vessel diameter (VSI) [1], 
and local blood oxygen saturation (lSO2) reflecting tissue oxygenation 
[2]. For a full characterization of the microvasculature within a single 
MRI session, these methods have been integrated with vessel 
permeability imaging methods [3]. 
Ten days after 9L cell implantation, the rats (n=86) were randomized 
in 4 groups (control, SORA, MRT and MRT/SORA treated rats) 
according to tumour sizes using anatomical MRI. The antiangiogenic 
treatment slowed down the tumour growth but had only a small 
impact on survival, despite a strong effect on tumour vasculature. As 
early as one day after the beginning of the antiangiogenic treatment, 
BV, lSO2 and vessel permeability decreased.  No effects on VSI were 
observed. On the contrary, MRT had a strong impact on the tumor 
growth and increased the median survival time (MST) from 20 to 65 
days (80% of tumor control 2 months after exposure). MRT did not 
induce early effects on tumour vasculature but reduced BV, lSO2 and 
permeability to contrast agent in the tumour 15 days later. The 
concomitant treatment of MRT and SORA induced a significant 
decrease in tumor lSO2 and BV from day 2 after treatment. No 
differences in tumor size were measured between MRT and 
MRT/SORA groups during the first week following the treatment. 
However, the concomitant treatment did not increase MST of the 
treated animals (20 days), revealing a potential neurotoxicity of the 
associative treatment on normal vessel/tissues. 
Even if the association of MRT and SORA seems to be more relevant 
in term of tumor control by significantly damaging tumor vasculature, 
the side effects on normal surrounding tissues induced by anti-
angiogenic treatment after MRT have to be considered. Indeed, these 
drugs might enhance the MRT-induced damages on normal brain 
vessels and avoid the efficient repair mechanisms of normal 
vasculature observed after MRT [4].  
[1] Troprès I, et al. Magn Reson Med, 2004; 51: 533-541. 
[2] Christen T, et al. NMR in Biomed 2011; 24:393-403. 
[3] Lemasson B, et al. Radiology. 2010; 257:342-352. 
[4] Serduc, R. et al.  Int J Radiat Oncol Biol Phys. 2006; 64, 1519-
1527 
 
POS20-22. Chernobyl clean-up workers: life under long-term 
oxidative stress. 15 years of experience. Andrejs Skesters1, T. 
Zvagule2, L. Larmane3, A. Silova3, N. Rusakova3, K. D. Rainsford4, 1: 
Riga Stradins University, Latvia 2: Centre of Occupational and 
Radiological Medicine of P. Stradin's Clinical University Hospital, 
Latvia 3: Riga Stradin's University, Latvia 4: Sheffield Hallam 
University, UK 
 
On 26 April, 1986, at 1.23 pm the world worst nuclear disaster took 
place at the Chernobyl NPS. 190 ton of highly radioactive 131J, 
137Cs, 134Cs, U, Ra, Ru, 90Sr, 41Ca, graphite, Pb, other heavy 
methals were expelled into the atmosphere. 6475 inhabitants of 
Latvia, men in reproductive age, were involved in clean-up and 
recovery works. Consequently, they were exposed to both direct 
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gamma-radiation as well as inhaled or absorbed toxic radioactive 
isotopes. Dust volatile heavy metals derived from the reactor melt-
down through their skin, lungs and gastro-intestinal tract (post-
Chernobyl syndrome). After homecoming all workers (patients) 
immediately visited P. Stradin‘s Clinical University Hospital for a full 
medical examination. In nowadays this examination still continues. 
Now 87% of clean-up workers are permanently disabled, all of them 
are severe health problems. Aim of research - to detect oxidative stress 
(OS), antioxidative (AO) defence markers and AO role in liquidator 
body. For determination were used standard kit‘s. Hence, first 
proposal was started in 1997 - as long-term investigation on the role of 
changes in the AO defense system in manifesting the development of 
post-Chernobyl syndrome in clean-up workers from Latvia. Our 
results showed considerably elevated concentration of LOOH, MDA, 
4-HNE, protein carbonyls, lipid peroxidation ratio, pathological Cu/Zn 
ratio and decreased activity of superoxide dismutase, glutathione 
peroxidase, total antioxidant status, concentration of glutathione, 
selenium, ect. In last years, some target groups, together with 
conventional therapy, used different AO - vitamin E, selenium, 
CoQ10 alone and in combinations. Results showed that external 
antioxidants improved AO defence and decreased OS markers. 
Conclusion: 1) - 25th years after receiving of ionizing radiation, 
radionuclides as dusty and aerosols, in bones (90Sr, Ra, Ca) and 
organs incorporated radionuclides which provoke conditions for high 
OS, thus to develop favourable circumstances for pathological 
processes in the body; 2) - therapy with AO improved antioxidative 
defence in body and decreased lipid and protein peroxidation 
processes such as lowering the blood cholesterol level, decreased pain 
in joints and other localization, headache, migraine, depression and 
stomach troubles. 
 
POS20-23. Down regulation of ZDHHC8 enhances 
radiosensitivity of human mesothelioma in vitro and in 
vivo. Hitomi Sudo, A. Tsuji, A. Sugyo, Y. Ogawa, M. Sagara, T. 
Saga, NIRS, MIC, Japan 
 
Malignant mesothelioma is a highly aggressive tumor arising from 
mesothelial cells. The most common site of mesothelioma is pleura, 
followed by peritoneum, pericardium and male genitalia. Most of the 
mesothelioma cases have been attributed to asbestos exposure and the 
lag time is reported to be 30 to 40 years. Although mesothelioma has 
been considered as a rare tumor, its incidence is anticipated to increase 
globally over the next decades. Malignant mesothelioma is highly 
lethal and the prognosis following therapy is very poor with the 
median survival of 9 to 17 months. Most common use of radiotherapy 
is to alleviate symptoms in advanced mesothelioma cases, and the 
effect of radiation monotherapy to prolong survival is reported to be 
minimal. The limited use of radiotherapy for mesothelioma includes 
the intrinsic radioresistance of tumors and the adverse effect of the 
surrounding normal tissues. To improve the efficacy of radiotherapy, a 
novel molecular-targeted radiosensitizing agent is needed to increase 
radiosensitivity of mesothelioma cells. We have previously identified 
ZDHHC8 as a novel radiation susceptibility gene based on the 
functional screening using the genome-wide siRNA library in human 
cells, and this gene would be associated with G2/M checkpoint in 
response to DNA damage induced by X-ray irradiation. In this study, 
we analyzed the effect of ZDHHC8 knockdown with radiation on 
mesothelioma cells and assessed the therapeutic efficacy in a 
mesothelioma mouse model. In mesothelioma cells, knockdown of 
ZDHHC8 by siRNA significantly reduced cell survival after 
irradiation, induced the impairment of G2/M checkpoint, and increased 
the frequency of cells with micronuclei and apoptosis. In the 
mesothelioma mouse model, the treatment with ZDHHC8 siRNA and 
irradiation significantly suppressed tumor growth and increased 
apoptosis, whereas ZDHHC8 siRNA alone did not. These results 
suggest that ZDHHC8 knockdown with X-irradiation induced 
chromosomal instability and cell death including apoptosis through 
the defects of G2/M checkpoint, and the combination of ZDHHC8 
depletion and irradiation has the potential to be effective therapy for 
malignant mesothelioma. 
 
POS20-24. The characterisation of the radiosensitising effect of 
gold nanoparticles. Laura Taggart1, K. Butterworth2, M. Ghita2, K. 
Prise2, F. Currell2, G. Schettino2, 1: Queens' University Belfast, UK 2: 
CCRCB, Queens' University Belfast, UK 
 
The aim of this project is to investigate the radiosensitising  effect of 
gold nanoparticles and the mechanisms which regulate it in order to 
evaluate their possible use in cancer radiotherapy. The major 
limitation on radiotherapy is the damage to healthy tissues, it is 
therefore important to maximise the dose to the cancerous tissue while 
minimising dose to the normal surrounding tissue.   By targeting gold 
nanoparticles to tumour cells, it is possible to enhance the dose 
absorbed bythat tissue without increasing the dose delivered from the 
radiation source.  Clonogenic cell survival assays indicate that MDA-
231s, DU145s and T98s are all sensitive (factor 1.4) to the 
radiosensitising effect of 2nm gold nanoparticles while no alterations 
have been observed with AG01522s .  In MDA-231s, the gold 
nanoparticles cause preferentially necrotic cell death initially (24-48 
hours post treatment) and eventually lead to apoptotic death within 72 
hours as determined though Annexin/PI flow analysis.  Interestingly, 
through western blotting  we also observed decreased levels of Dec10, 
a senescence protein, when cells were irradiated in the presence of 
gold nanoparticles.  The gold nanoparticles also induce higher levels 
of DNA damage in MDA-231s and DU145s as analysed by counting 
53BP1 foci through immunofluorescent staining, this has not been 
replicated for T98s as yet.  The clonogenic dose enhancement factor 
of 1.4 for the 2 nm gold nanoparticles is in agreement with the 
increased DNA damage detected .  To conclude, not all cell lines are 
susceptible to the radiosensitising effect of gold nanoparticles, with 
AGO1522s being particularly resistant.  The lack of sensitisation in 
the AGO1522 is puzzling as they are the most radiosensitive cell line 
tested, however their uptake of gold nanoparticles has not yet been 
tested and it could therefore be possible they need a longer exposure 
to the particles.  MDA-231s, a breast cancer line, DU145s a prostate 
cancer line and T98s a glioma cell line have all shown sensitivity to 
the effect with the 2nm particles being most radiosensitising in 
comparison to 10nm and 15nm particles.  The decreased cell survival 
seems to be attributable to the increased DNA damage observed when 
the particles are present and the modes of cell death appear to be 
majorly necrosis with apoptosis being important at later timepoints. 
 
POS20-25. Radiosensitizing effect of betulinic acid on breast 
carcinoma is independent of p53 pathway. Reeta Tiwari1, R. 
Tiwari1, K. P. Mishra2, 1: University of Mumbai, India 2: Nehru Gram 
Bharti University, Allahabad, UP, India 
 
Betulinic acid (BA) is a pentacyclic triterpene found in several 
botanical sources that has been shown to cause apoptosis in a number 
of melanoma, neuroectodermal and malignant brain cancer cell lines. 
Present report aim to evaluate the radiosensitizing potential of BA on 
two human breast cancer lines differing in their p53 status. BA 
induced loss of cell proliferation was determined by MTT assay. BA 
inhibited the clonogenic growth of MCF-7 and T47D cells which was 
not recovered by pifithrin-α, the p53 inhibitor. The apoptotic 
parameters were analyzed using FACS analysis of propidium iodide 
(PI) stained nuclei and PS externalization using Annexin-V assay. 
Changes in mitochondrial membrane potential were monitored by 
fluorescent dye DiOC6 and JC-1. Cells treated with BA in 
combination with ionizing radiation showed Annexin-V positivity and 
an increase in the propidium iodide (PI) uptake in dose dependent 
manner, which was concomitant with the loss of mitochondrial 
membrane potential. Exogenous addition of tocopherol to cell cultures 
1-h prior to the treatment with BA abolished all the effects of BA-
induced loss of cell proliferation and apoptosis in both MCF-7 and 
T47D. BA was also found to induce dose and time dependent increase 
in intracellular reactive oxygen species in both the cell lines. These in 
vitro studies suggest that radiosensitizing effect of BA is not 
dependent on p53 status of cells. Inhibition of antiproliferative ability 
of BA by toccopherol suggests that BA initiates events at membrane 
level leading to induction of apoptosis. 
 
POS20-26. Radiation-amplified drug delivery to angiogenic tumor 
vasculature via Galectin-1. Meenakshi Upreti, N. A Koonce, S. 
Apana, M. Berridge, A. Jamshidi-Parsian, J. Webber, R. J Griffin, 
University of Arkansas for Medical Sciences, USA 
 
We are using an anti-angiogenic 33-mer targeting ligand named 
anginex to deliver therapeutic agents to the tumor vasculature by 
radiation therapy-amplified receptor expression. Our results show 
increased expression of the anginex receptor (Galectin-1) on 
endothelial cells in vitro and tumor microvasculature upon exposure to 
radiation. Design and use of 18-F labeled anginex in focal human 
myeloma model showed a vibrant and specific targeting of the 
tumor/bone graft by labelled anginex. Exposure of murine SCK breast 
tumors to a clinical radiation dose of 2Gy induced a substantial 
average increase of 141 +/- 49% in anginex uptake. We subsequently 
developed a liposomal formulation to determine the potential of 
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guiding drugs to the tumor via radiation-amplified Galectin-1 target 
expression. Initial studies with ‗anginex-tagged‘ liposomes indicated 
significant binding and uptake of the carrier by endothelial cells in 
culture and increased binding specifically to endothelial cells upon 
radiation exposure. This binding was blocked when free anginex or 
anti-Galectin-1 antibody was added to the cells with targeted 
liposomes, suggesting an anginex-Galectin-1 interaction for liposome 
targeting. To extend this strategy for radiation-guided drug delivery 
targeted to the tumor vasculature we have developed a system to grow 
3D tumor-endothelial cell spheroidal cultures in hanging drops of 
medium where galectin-1 expression increases upon radiation 
exposure. Subsequently, we transplanted these spheroidal cultures into 
the dorsal skin fold window chamber of mice for intravital 
multiphoton imaging of neovasculature and disease progression. 
Understanding how anginex uptake selectively increases in 
endothelial cells after irradiation and its nexus to radiation-sensitivity 
of endothelial cells vs. tumor cells exposed to anginex is our current 
focus. We plan to expand our studies to incorporate Arsenic trioxide 
chemotherapy into these liposomes and fully characterize the in 
vivo targeting and therapy potential in our models in combination with 
radiation exposure. 
 
POS20-27. EGFR tyrosine kinase inhibitor EKB-569 regulates 
radiation-induced Rel dependent hTERT transcription and 
telomerase activity in human squamous cell 
carcinoma. Jamunarani Veeraraghavan1, M. Natarajan 2, J. D. 
Balthazar1, S. Aravindan1, T. S. Herman 1, N. Aravindan1, 1: 
University of Oklahoma Health Sciences Center, USA 2: University 
of Texas Health Science Center at San Antonio, USA 
 
Our earlier reports showed that ionizing radiation (IR) induces NFkB 
dependent hTERT transcription and initiation of clonal expansion both 
in normal endothelial cells and in neuroblastoma. In this study, we re-
instigate NFkB dependent hTERT transcription and initiation of clonal 
expansion in squamous cell carcinoma. More importantly, we 
investigated whether a selective and irreversible EGFR tyrosine kinase 
inhibitor EKB-569 potentiates radiotherapy by mitigating IR-induced 
NFkB dependent hTERT transcription, telomerase activity (TA) and 
subsequent clonal expansion.  Cells from human tongue squamous cell 
carcinoma (SCC-4) were exposed to IR (2Gy) with or without EKB-
569 (0.5 – 5.0mg) pre-treatment and examined after 1h through 24h. 
NFkB and hTERT transcriptional activation was analyzed using 
luciferase reporter (pNFkB-Luc, pGL3-354-Luc) assays. NFkB 
dependent hTERT transcription was examined either by muting 
(pUSE-IkBa), overexpressing (p50/p65) NFkB or by using hTERT 
constructs lacking NFkB binding promoter sites (pGL3-347-
Luc). hTERT mRNA was analyzed using QPCR, TA using TRAP and 
clonal expansion using clonogenic assay. EKB-569 profoundly 
inhibited IR-induced NFkB. Consequently, EKB-569 significantly 
inhibited IR-induced TA and hTERT mRNA at all time points 
investigated. Furthermore, IR-induced TA is regulated at the 
transcriptional level by triggering TERT promoter activation. In 
addition, NFkB becomes functionally activated after IR and mediates 
TA upregulation by binding to the kB-binding region in the promoter 
region of TERT gene. Consistently, elimination of NFkB-recognition 
site on telomerase promoter or, inhibition of NFkB by IkBa mutant 
compromises IR-induced telomerase promoter activation. 
Significantly, EKB-569 inhibited IR-induced TERT transcription. 
Consequently, EKB-569 inhibited hTERT mRNA and TA in NFkB 
overexpressed cells. Furthermore, EKB-569 potentiates inhibition of 
IR-induced clonal expansion. These results strongly suggest that 
EKB-569 could actively inhibit IR-induced TA in a NFkB dependent 
manner in human squamous cell carcinoma cells and thereby could 
enhance favorable therapeutic outcome. 
 
POS20-28. Evaluation of two promising radiation 
countermeasures against neutron/gamma mixed field 
radiation. Mark Whitnall, B. Ngudiankama, AFRRI, USA 
 
Most studies of medical countermeasure (MCM) efficacy have been 
performed with photons (X-rays and gamma). In the event of a nuclear 
criticality (nuclear weapon or accident), personnel will be exposed to 
neutron/gamma mixed fields (MF). We compared MF efficacies of 2 
MCMs known to be effective against photons (from other studies and 
our own data obtained concurrently with these experiments): the TPO 
mimetic ALXN4100TPO and G-CSF (Neupogen®). Mice were 
exposed to 5.45 Gy MF (2:1 neutron/gamma, 0.6 Gy/min). 
ALXN4100TPO was injected sc at 1 mg/kg, 12 h post-irradiation. G-
CSF (0.34 mg/kg) was injected sc at 12, 24 and 48 h post-irradiation. 
Only G-CSF consistently increased survival after MF. After sublethal 
irradiation (2 Gy), neither drug had an effect on white blood 
cell/lymphocyte counts. G-CSF caused an initial increase in 
neutrophils on days 1 and 2 after irradiation and a slight increase in 
circulating monocytes. ALXN4100TPO maintained platelets within 
normal values beyond day 7. G-CSF but not ALXN4100TPO caused 
an increase in BM hematopoietic progenitor cells (HPCs) at day 2. By 
day 7, HPC were back to normal after G-CSF, but BM cellularity was 
increased. G-CSF also promoted an increase in BM hematopoietic 
stem cells. In spleen, both drugs increased the % of B cells, but only 
G-CSF modified the distribution of NK cells (from 8% to 10%) and T-
cells (from 60% to 80%) after irradiation. We conclude MCM efficacy 
is different between gamma and MF exposures, depending on the 
mechanisms of actions of the MCM.  Supported by an award from 
NIAID to MW. 
 
POS20-29. Changes in Radiosensitivity of PC3 Prostate Cancer 
Cells . Ye Zhang1, Z. He2, L. S. Mangala2, C. A. Theriot3, L. H. 
Rohde2, H. Wu3, 1: NASA Johnson Space Center/Wyle, USA 2: 
University of Houston at Clear Lake, USA 3: NASA Johnson Space 
Center, USA 
 
Background: Recent studies have indicated that autophagy may be one 
of the important pathways induced by ionizing radiation. In our study, 
changes in radiosensitivity of radioresistant human PC3 prostate 
cancer cells to radiotherapy by alteration of pathways related to 
autophagy were investigated. 
Methods: Activation of the autophagy pathway was analyzed using 
the GFP-LC3 assay and western blot. The radiosensitivity of PC3 cells 
was determined by clonal survival assay and the Annexin V assay 
after exposure to gamma irradiation and/or various chemicals. The 
expression profiles of autophagy related genes were analyzed using a 
pathway specific real-time polymerase chain reaction array. 
Results: PC3 cells exhibited an induced autophagic response after 
exposure to gamma rays. Inhibition of the autophagic process using 
small interfering RNAs targeting Atg7 and/or Atg12 significantly 
reduced radiosensitivity of PC3 cells. Both autophagy activators 
RAD001 and Statin sensitized the cells to gamma irradiation, showing 
significantly reduced colony forming efficiency in response to 6 Gy of 
gamma irradiation. Statin also exhibited a significant apoptosis-
inducing effect in PC3. Analysis of autophagy and its regulatory gene 
profile showed that the expressions of 22 genes out of 86 genes 
assessed were significantly altered in the cells exposed to combined 
treatment with Statin and radiation. 
Conclusions: The data indicate that activation of the autophagy 
pathway may be responsible for both apoptosis inducing effect of 
Statin and its radiosensitizing effect on PC3 cells. Therefore, 
combined treatment with radiation and autophagic inducers, such as 
Statin, may be synergistic in tumor cell killing and tumor control. 
 
POS20-30. Overexpression the LyGDI enhanced the invasion 
ability and radiation resistant in none small lung cancer 
Cells. Xinwen Zhou, School of Radiation Medicine and Public Health, 
Soochow University, China 
 
Purpose: LyGDI has been thought to be one of the central regulators 
to RhoGTPase proteins, which recently be found dyregulated in 
several tumors. However, its role in Lung cancer remains unclear. 
Therefore, our purpose is to investigate the LyGDI expression profile 
and elucidate its role in lung cancer progression and radiation 
sensitivity. 
Experimental design: Immunohistochemistry was used to 
analysis LyGDI expression profile in lung cancer patient‘s samples. 
Further protein and mRNA expression level of LyGDI were 
confirmed by western blot and RT-PCR respectively. Ecotopic 
expression of LyGDI and siRNA transfection were done to determine 
the physiological role of LyGDI in A549 cell lines. Wound healing 
and In Vitro migration assay were used to assay the cell invasion. 
Clonogenic survival assay was used to detect the radiation sensitivity 
induced by combined treatment of radiation and drug. 
Results: LyGDI was found Up-regulated in none small lung cancer 
tissues and was correlated lymph nodal metastasis (P<0.05) 
and pathological type (P<0.05). Ecotopic expression of LyGDI 
increased A549 cell invasion and down-regulation of LyGDI 
suppressed the cell invasion. Moreover, up-regulation of LyGDI in 
A549 cells increased COX-2 expression, but not the Rac1, and was 
resistant to irradiation. Whereas depletion COX-2 expression by 
Aspirin enhanced radiation sensitivity. 
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Conclusion: our finding shows that lyGDI was up-regulated in none 
small lung cancer cells and its expression were related with 
metastasis. It though regulated COX-2 expression to promote cell 
invasion. LyGDI could be used as biomarker for diagnosis and an 
important targeting molecular for lung cancer irradiation therapy. 
 
POS21 Non-cancer effects 
 
POS21-01. Radiation-induced proteome alterations in cardiac 
formalin-fixed paraffin-embedded tissue analysed bylabel-free 
quantitative mass spectrometry. Omid Azimzadeh1, H. Scherthan2, 
H. Sarioglu3, Z. Barjaktarovic1, M. J. Atkinson1, S. Hauck3, S. Tapio1, 
1: Helmholtz Zentrum München, German Research Center for 
Environmental Health, Institute of Radiation Biology, Germany 2: 
Institut für Radiobiologie der Bundeswehr, Munich, Germany 3: 
Helmholtz Zentrum München, German Research Center for 
Environmental Health, Department of Protein Science, Proteomics 
Core Facility, Germany 
 
Proteome profiling of archival tissue has recently made great progress 
in clinical proteomics. However, applicability of conventional protein 
labelling in quantitative proteome analysis of formalin-fixed, paraffin-
embedded (FFPE) tissue is still a matter of debate, mainly due to the 
fixation process leading to protein cross-linking. 
Recently, we have systematically optimised various extraction and 
separation methods of FFPE proteins comparing different gel-free and 
gel-based approaches (1). In the current study, we applied label-free 
approach (2) to quantitatively compare the FFPE proteomes of sham- 
and exposed heart tissue of C57BL/6 mice after total body irradiation 
using  a gamma dose of 3 Gy (137-Cs). We identified 26 deregulated 
proteins (p<0.05) in irradiated hearts 24h post-exposure. In good 
agreement with previous data, the analysis indicated a radiation-
induced impairment of the cardiac mitochondrial proteome. 
This study will facilitate the proteome analysis of radiation-induced 
disease using radiobiology archives that are presently not amenable to 
analysis. 
This work was supported by a grant from the European Community‘s 
Seventh Framework Programme (EURATOM) contract n°232628 
(STORE). 
1. Azimzadeh, O., Barjaktarovic, Z., Aubele, M., Calzada-Wack, J., 
Sarioglu, H., Atkinson, M. J., and Tapio, S. (2010) Formalin-fixed 
paraffin-embedded (FFPE) proteome analysis using gel-free and gel-
based proteomics. J Proteome Res 9, 4710-4720. 
2. Hauck, S. M., Dietter, J., Kramer, R. L., Hofmaier, F., Zipplies, J. 
K., Amann, B., Feuchtinger, A., Deeg, C. A., and Ueffing, M. (2010) 
Deciphering membrane-associated molecular processes in target tissue 
of autoimmune uveitis by label-free quantitative mass 
spectrometry. Mol. Cell. Proteomics 9, 2292-2305. 
 
POS21-02. Integrative proteomic and microRNA analysis in a 
human coronary artery endothelial cell line exposed to low-dose 
irradiation. Zarko Barjaktarovic1, O. Azimzadeh1, H. Tammio2, M. J. 
Atkinson1, D. Leszczynski2, N. Anastasov1, S. Tapio1, 1: Helmholtz 
Centre Munich, Germany 2: STUK - Radiation and Nuclear Safety 
Authority, Finland 
 
Vascular endothelium plays a crucial role in maintaining homeostasis 
of the cardiovascular system.  Ionising radiation significantly 
contributes to the aetiology of cardiovascular disease, the endothelium 
being one of the main targets. In a previous study we investigated the 
changes in the cytoplasmic proteome of the human endothelial cell 
line EA.hy926 at 4 hours and 24 hours after exposure to 0.2 Gy (Co-
60 gamma). Pathways influenced by the low-dose exposure included 
the Ran and RhoA pathways, fatty acid metabolism, and stress 
response. The aim of this study was to determine the radiation-
responsive proteomic and microRNA biomarkers in primary human 
coronary artery endothelial cells, using similar exposure conditions. 
For proteomics, total soluble proteins were separated using 2D-DIGE 
technology and pH ranges of 4-7 and 6-10. Out of ~1500 protein 
spots, 35 and 31 proteins showed significant deregulation after 4h and 
24h, respectively. Out of these, 12 proteins showed similar 
deregulation at both time points. Differentially expressed proteins 
were identified, after in-gel trypsin digestion, by MALDI-TOF/TOF 
tandem mass spectrometry, peptide mass fingerprint analyses, and LC-
MS/MS analysis. Furthermore, specific miRNAs were supposed to 
have a significance as biomarkers for coronary artery disease. Using 
the real-time PCR-based miRNA detection (Taq-Man) probes we 
analyzed expression profile of 7 different miRNAs 4h and 24h after 
exposure to 0.2 Gy. Protein pathways and interactome between 
deregulated proteins and miRNA`s were analysed by Ingenuity 
Pathway software analysis.   
 
POS21-03. A preliminary mechanistic model of X-ray promoted 
atherosclerosis in ApoE-/- mice. Harmen Bijwaard1, F. Dekkers1, T. 
van Dillen1, S. Heeneman2, S. Hoving3, F. Stewart3, 1: RIVM, 
Netherlands 2: Maastricht University Medical Centre, Netherlands 3: 
NKI-AVL, Netherlands 
 
Mechanistic models may help to determine how ionising radiation 
promotes the development of atherosclerosis. For this purpose a 
preliminary model has been formulated that allows for radiation to 
contribute to the process of atherosclerosis in several ways. The model 
is based on what is known from the scientific literature on plaque 
formation and the possible influences of radiation on this process. The 
current formulation has been tailored to experiments carried out at the 
Dutch National Cancer Institute (NKI) with ApoE-/- mice. Plaque 
formation in this genetically modified mouse model is considered to 
partly mimic the process of atherosclerosis as it occurs in humans. At 
NKI the carotid arteries of groups of ApoE-/- mice were exposed to 0, 
2, 8 or 14 Gy X-ray doses. After approximately half a year the arterial 
tree was removed from these mice and examined for plaques. It was 
observed that the number and surface area of plaques grew with 
increasing dose. Moreover, exposed mice demonstrated plaques of a 
more vulnerable phenotype. The mechanistic model developed at the 
Dutch National Institute for Public Health and the Environment 
(RIVM) therefore aims to adequately predict number, size and 
phenotype of the observed plaques. The fact that possible radiation 
effects are included in several steps of the model will help to indicate 
where radiation action is required to explain the data and where it is 
not. This is important for the more accurate determination of radiation 
risk for vascular disease, but it also constitutes significant input for 
new, tailored experiments aimed at advancing our knowledge on the 
influence of radiation on atherosclerosis. 
 
POS21-04. Continuous exposures to low dose-rate γ-rays induce 
premature menopause and adiposity in female mice. Shingo 
Nakamura, Institute for Environmental Sciences, Japan 
 
We previously reported a significant increase in body weights in 
B6C3F1 female mice continuously exposed to low dose-rate (20 mGy/ 
22 h/ day) γ-rays as compared to that of age-matched non-irradiated 
control mice.  To clarify the underlying mechanisms of body weight 
gain observed after exposure to continuous low dose-rate irradiation, 
we examined adipose tissue weights, liver and serum lipid contents, 
and factors related to glucose and lipid metabolism (serum insulin and 
adipocytokines), as well as ovarian dysfunction in female B6C3F1 
mice continuously irradiated with γ-rays at 20 mGy/ 22 h/ day from 9 
to 44 weeks of age.  Significant body weight gains, related to tissue 
adiposity, were observed from 28 to 44 weeks of age (accumulated 
dose = 2.7–4.9 Gy) in the irradiated mice as compared to those of non-
irradiated mice.  Histopathological analyses of ovaries and vaginal 
smears showed depletion of viable oocytes leading to premature 
menopause occurs at the same period when increased body weight 
gain was observed in the irradiated mice. These results suggest a 
possibility that the radiation-induced premature menopause could 
trigger the induction of body weight gain due to adiposity in B6C3F1 
female mice continuously irradiated with low dose-rate γ-rays at 20 
mGy/ 22 h/ day.  This study was performed under contract with 
Aomori Prefectural Government, Japan. 
 
POS21-05. Biological and molecular mechanisms of vascular 
damage after low dose X-irradiation. Charlotte Rombouts1, A. 
Aerts1, M. Beck2, K. Tabury1, W. De Vos3, R. Benotmane1, P. Van 
Oostveldt3, S. Baatout2, 1: SCK•CEN, Belgium 2: SCK•CEN/Ghent 
University, Belgium 3: Ghent University, Belgium  
 
High radiation doses (> 5 Gy) increase the risk of cardiovascular 
diseases. In recent years, epidemiological data support the fact that 
lower radiation doses increase the risk of cardiovascular diseases as 
well (cfr. Atomic bomb survivors). However, for doses below 0.5 Gy, 
these epidemiological findings are unclear and a better understanding 
of the underlying biological and molecular mechanisms is needed. 
The endothelium is believed to be a critical target in the development 
of radiation-related cardiovascular diseases. Hence, we used the 
immortalized endothelial cell line EA.hy926 as a model to 
characterize the endothelial response to low and medium doses of X-
irradiation. In particular, we analyzed the influence of radiation on 
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DNA damage, cell cycle changes and associated apoptosis. DNA 
damage was assessed at several time points post irradiation (p.i.) (15, 
30 and 120 min) using a range of X-ray doses (0.05, 0.1, 0.25, 0.5, 2 
and 5 Gy) by means of immunostaining for γH2AX-foci and 
quantitative fluorescence microscopy. All doses induced DNA 
damage as observed by a significant increase in γH2AX-foci number 
at all tested time points. Apoptosis was assessed by means of 
Annexin-V/PI costaining and flow cytometry. A significant increase 
in the percentage of apoptotic cells compared to the controls was 
observed 24 h p.i. after exposure to 0.1, 0.5 and 5 Gy. After 48 and 72 
h, this was only observed after 5 Gy. Cell cycle changes were studied 
24 h p.i. via PI staining and flow cytometry. Preliminary results 
indicate a G0/G1 and G2 arrest after exposure to 2 and 5 Gy, 
respectively. 
Based on these results it can be concluded that in EA.hy926 cells, 
fundamental cell cycle changes and apoptosis are effects limited to 
higher dose irradiation (2, 5 Gy), at least within the time range 
considered in the present study. However, more subtle effects such as 
DNA damage could be observed down to the lowest dose of 0.05 Gy. 
To elaborate more on the subtle changes at the level of the cell, we 
will include in future research, assessment of ROS production, 
inflammatory response, adhesion of leukocytes and cell-cell integrity. 
Moreover the endothelial response will be analyzed in further detail at 
the genetic level by means of gene expression profiling. 
Acknowledgements: This project is supported by the EU DoReMi 
network of excellence (grant agreement: 249689). 
 
POS21-06. Dose responses from multi-model inference for the 
noncancer disease mortality of atomic bomb survivors. Helmut 
Schöllnberger, J. Christian Kaiser, P. Jacob, Helmholtz Zentrum 
München, Germany 
 
The noncancer mortality data for brain stroke and heart diseases from 
Report 13 on the atomic bomb survivors were analysed to investigate 
the dose response for the influence of radiation on these biological 
endpoints. Various parametric and categorical models (such as linear-
no-threshold (LNT) and different threshold models) were analyzed 
with a statistical selection protocol which rated the model description 
of the data. Instead of applying the classical approach of identifying 
for each data set one specific preferred model, we first establish a set 
of non-nested models that all fit the data about equally well. 
Subsequently, the selected non-nested models were used to perform 
multi-model inference (MMI), an innovative method of 
mathematically combining different models that allows making risk 
predictions based on several plausible dose response models rather 
than relying on a single model of choice. It thereby produces more 
reliable risk estimates based on a more comprehensive appraisal of 
model uncertainties. For brain stroke MMI yielded a weak dose 
response (with a risk estimate of about one third of the LNT model) 
below a step at 0.6 Gy and a stronger dose response at higher doses. 
The calculated risk estimates are consistent with zero risk below this 
threshold dose. For mortalities related to heart diseases an LNT-type 
dose response was found with risk estimates consistent with zero risk 
below 2.3 Gy based on 90% confidence intervals. The dose-response 
curve from MMI predicts a strongly reduced risk for death from heart 
diseases due to radiation. The MMI approach described here resolves 
a dilemma in practical radiation protection when one is forced to 
select between models with profoundly different dose responses for 
risk estimates. 
 
POS21-07. Radiation-induced alterations in the proteome of a 
human endothelial cell line after 200 mGy exposure. Arundhathi 
Sriharshan1, A. Krämer2, K. Boldt3, M. Ueffing 3, L. Hieber 4, Z. 
Barjaktarovic 2, O. Azimzadeh 2, H. Sarioglu3, H. Zitzelsberger 4, M. 
J. Atkinson 2, S. Moertl 2, S. Tapio2, 1: Research Unit of Radiation 
Cytogenetics/Institute of Radiation Biology/Helmholtz Center 
Munich, Germany 2: Institute of Radiation Biology/Helmholtz Center 
Munich, Germany 3: Department of Protein Science/Helmholtz Center 
Munich, Germany 4: Research Unit of Radiation 
Cytogenetics/Helmholtz Center Munich, Germanhy 
 
We have studied the response of endothelial cells to low doses of 
ionizing radiation, and demonstrate that alterations to the endothelial 
cellular phenotype are evident at doses of 200mGy. Endothelial cells 
are highly sensitive to high doses of ionizing radiation, where their 
death provides a mechanism for the acute damaging actions of 
radiation. Epidemiological data suggests that even moderate doses 
(<500mGy) may increase the risk of subsequent cardiovascular 
disease (CVD). At these, and even lower doses, endothelial cell stress 
and vascular damage may still occur, but the relevance of these effects 
for long-term tissue damage is unknown. 
The goal of this study was to determine the immediate low-dose (0.2 
Gy 137Cs- γ-rays) radiation response of endothelial cells at the 
proteome level. Since microRNAs (miRNA) are important regulators 
of protein expression and are known to be involved in cellular stress 
response induced by ionising radiation we have also quantified 
alterations in miRNA expression caused by radiation exposure in 
endothelial cells. Our long-term goal is to understand the mechanism 
of the radiation response by identifying the regulatory networks 
between proteins and miRNAs in radiation-exposed endothelial cells. 
MiRNAs responding to ionising radiation were investigated by 
TaqMan-based low-density array, whilst radiation-induced proteomic 
alterations were studied using the SILAC (Stable Isotope Labeling 
with Amino acids in Cell culture) approach. Four hours after 
irradiation we found 8 miRNAs that were up- and 2 that were down-
regulated by 0.2 Gy; after 24 h 5 miRNAs were up- and 7 down-
regulated (threshold for change in expression-1.5 folds). 
The proteome profiles were also analysed 4 h and 24 h after 0.2 Gy 
irradiation. Differentially expressed proteins were identified and 
quantified after in-gel trypsin digestion of the isotopically labeled cell 
proteins using an LTQ Orbitrap (Mass spectrometry). Preliminary data 
suggest that 87 and 11 proteins were deregulated 4 h and 24 h after 
irradiation, respectively. Currently, we are using bioinformatics tools 
to determine the target proteins regulated by the radiation-responsive 
miRNAs that were altered after 0.2 Gy irradiation. 
Pathway analysis shows the regulated proteins are involved in 
ERK/MAPK, NFκB and TGF-β signalling pathways. 
 
POS22 Heavy ions 
 
POS22-01. Spatial memory performance is significantly impaired 
following exposure to 20 cGy of 1 GeV 48Ti Particles. Richard 
Britten1, R. Britten2, P. Birdsall2, L. Davis2, R. Drake2, 1: Easten 
Virginia Medical School, USA 2: Eastern Virginia Medical School, 
USA 
 
INTRODUCTION. Current models predict that the astronauts on deep 
space missions will be exposed to ~25 cGy of Galactic cosmic 
radiation (GCR). The long-term consequence of exposure to such 
doses is largely unknown, but recent unpublished data from our 
laboratory and that of Dr. Rabin, suggest that low (20 cGy) doses of 
HZE particles lead to significant impairments of various 
neurocognitive functions. We have shown that exposure of young rats 
to 20 cGy of 1 GeV 56Fe leads to a significant impairment in spatial 
memory and attentional set shifting performance. 1 GeV 56Fe particles 
have a LET of 150 keV/n, that has been shown to be the ―optimum‖ 
for cell killing. Unpublished data from the Dr. Rabin and ourselves 
suggest that the LET dependency for neurocognitive impairment may 
differ substantially from that seen for cell killing. We have thus started 
to determine the LET-dependency for impairment of Spatial memory 
and Attentional Set shifting performance in rats that have a 
comparable biological age to the astronaut population. Our first ion 
species comparison involved 1 GeV 56Fe and 1 GeV 48Ti, with LETs 
of 150 and 108 keV/um respectively. 
MATERIALS & METHODS. Six-nine month old male Wistar rats 
were exposed to either 1 GeV 56Fe or 1 GeV 48Ti particles at BNL. At 
3 months post exposure the performance of the rats in the Barnes‘ 
Maze (Spatial memory) and the Attentional Set Shifting Test 
(Executive function) was established. The brain proteome, 
glyoproteome and lipoproteome of rats following Hze exposure was 
established using various proteomic platforms. 
RESULTS. Preliminary data on our first cohort of aged rats, suggests 
that Spatial memory impairment following exposure to 1 GeV 56Fe 
occurs at the same doses observed in our young rat studies. The 
unirradiated aged rats appear to learn the Spatial memory task better 
than the young rats, manifested by more significant reductions in 
Escape Latency (EL) time over the 3 day test period than was 
observed in the young rats. Rats exposed to 20 cGy 1 GeV 56Fe 
showed no reduction and indeed an increase in EL time, a similar 
situation appears to occur following exposure to 15 and 10 cGy, 
although the cohort size is small at the time of writing. Rats exposed 
to 20 cGy 48Ti also show no decrease in EL time during the testing 
period, which is not a result of a reduced desire to search for the 
Escape hole, but an inability to locate it. At the time of submission we 
have insufficient data on the Attentional Set Shifting tests to report the 
impact of either radiation on executive function. We have now 
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identified changes in the proteome of the hippocampus that are 
associated with good or bad spatial memory performance. 
SUMMARY. These preliminary studies suggest that mission-relevant 
doses (20 cGy) of Hze particles with LETs of 100-150 KeV/u lead to 
significant neurocognitive defects (spatial memory performance) in 
rats of comparable biological age to the astronaut population. We shall 
continue to identify the threshold dose for this impairment and will 
determine if there is any LET dependency for that dose. 
FUNDING: The authors gratefully acknowledge grant support from 
NASA (NNX11AC56G, NNJ06HD89D). 
 
POS22-02. Comparison study on the DNA clustered damage 
induced by high LET radiation. Zhen-Shan Cao, H. Xu, H. Guan, 
Beijing Institute of Radiation Medicine, China 
 
Based on the molecular model of conformation changes of plasmid 
DNA, the DNA damages induced by proton, 7Li heavy ion and γ-rays 
were studied and compared. The cytogenetic effects of differential 
LET radiations, including heavy ion, neutron and proton, on human 
peripheral blood lymphocytes were also studied and the RBE values 
were evaluated. In order to detect the clustered DNA damage, the 
irradiated plasmid DNA was digested with E 
Coli formamidopyrimidine DNA glycosylase (Fpg) and AP 
endonuclease III (Endo III) which convert the damaged bases and AP 
sites into single-strand breaks (SSB), and then subjected to agarose gel 
electrophoresis. The results indicated that SSB, a certain level of 
clustered bases lesions and a tiny of double-strand breaks were 
induced by the observed 50 - 200 Gy of γ-rays. The DNA breakage 
and clustered bases lesions induced by high LET proton and 7Li heavy 
ion were much higher as compared with that induced by γ-rays. Our 
data also showed that an obvious clustered DNA damage was induced 
by proton even at 10 Gy dose, and the effectiveness of DNA damage 
induction by proton was higher than that of 7Li ion. The relative 
biological effectiveness of cytogenetic damages induced by protons, 
heavy ions and gamma ray in human lymphocytes were compared. 
This work was supported by the National Outstanding Youth Science 
Foundation of NFSC, China (30825011). 
 
POS22-03. New insights in the impact of heavy ion irradiation on 
tumor cell migration and EGFR cell signaling of glioblastoma cell 
lines in vitro. Christina Faethe1, M. Scholz2, G. Taucher-Scholz2, W. 
Mueller-Klieser1, 1: University Medical Center of the Johannes 
Gutenberg University, Institute for Physiology and Pathopysiology, 
Germany 2: GSI Helmholtz Centre for Heavy Ion Research, 
Biophysics, Germany 
 
Heavy-charged particles with its characteristic depth-dose profile 
sparing normal tissue around malignant tumors represent an emerging 
technique in cancer therapy. Based on previous results of others and 
our group showing an increased tumor cell migration after 
conventional X-ray irradiation, we are currently investigating the 
impact of heavy ion radiation on migration of different glioblastoma 
cell lines with regard to the role of epidermal growth factor receptor 
(EGFR) related signaling pathways in vitro. 
Two human glioblastoma cell lines, U87 MG and LN229, and two 
EGFR overexpressing cell lines transduced with wild-type EGFR, 
U87 EGFR and LN229 EGFR, were irradiated with X-rays or 12C ions 
in a 1 cm spread-out Bragg peak (mean LET 100 keV/microm) at 
doses of 2 and 6 Gy. Tumor cell migration was investigated in 
standardized Boyden chamber assays 24 hours after irradiation while 
the activation of EGF receptor and downstream signaling proteins 
were analyzed immediately after irradiation and 24 hours later using 
Western Blotting. 
The results of the Boyden chamber assays show an increased cell 
migration 24 hours after 2 Gy X-ray irradiation for U87 and U87 
EGFR to about 106 % (SD 1.8 %) compared to control cells while the 
migration of LN229 and LN229 EGFR is decreased under the same 
conditions (around 75 %). Higher doses X-ray irradiation (6 Gy) lead 
to a reduced migration in all cell lines investigated (approximately 70 
%). In contrast to X-rays the migration of these cell lines after 
exposure to high energy 12C ions (2 and 6 Gy) is strongly decreased by 
50 – 60 %. First results regarding the activation of EGFR and 
downstream signaling show an induction of EGFR after X-ray and 12C 
irradiation and cell type and radiation specific changes in the 
activation status of Akt, Erk1/2 and PLCγ1, three main signaling 
proteins regulating the migration processes of tumor cells. 
In conclusion, we will show if heavy-charged particles influence 
receptor-related intracellular signaling pathways compared to 
conventional X-ray irradiation. This may elucidate a possible link 
between the migratory behavior of glioblastoma cell lines in vitro and 
the activation pattern of EGFR and its downstream signaling 
molecules. 
 
POS22-04. Establishment of a data base of cell survival 
experiments for tests and comparison of RBE models. Thomas 
Friedrich1, T. Elsässer2, U. Scholz1, R. Grün1, O. Steinsträter1, M. 
Durante3, M. Scholz1, 1: GSI Darmstadt, Germany 2: Siemens 
Healthcare, Germany 3: GSI Darmstadt/TU Darmstadt, Institute of 
Solid State Physics, Germany 
 
Triggered by new particle therapy facilities in Europe, interest in 
understanding the systematics of RBE and its prediction is growing. 
Biophysical models such as the Local Effect Model (LEM) or the 
Microdosimetric Kinetic Model focus on that task. As the response to 
radiation is usually affected by large variations in biological 
systems,   validating these models is hardly feasible by using 
individual dose response curves. Rather a compilation of many in-
vitro cell survival experiments after an extensive literature survey is 
the most comprehensive available data set for the validation and inter-
comparison of such models.   
In this contribution the principles of the LEM are briefly discussed 
with an emphasis on differences to other models. The LEM predicts 
the RBE of ion radiation for a specific tissue solely based on its 
response to photon radiation. The set-up of a data base of cell survival 
data comprising about 850 survival experiments with both ions and 
photons is reported. All registered survival curves have been taken 
from the literature. The experiments entering the data base comprise 
survival curves obtained in different labs, using ion species from 
protons to uranium, different irradiation modalities (such as in a 
SOBP or with monoenergetic beams under track segment conditions), 
the whole range of accessible energies and linear energy transfers, and 
various cell types (human or rodent; normal, mutagenic or tumor; 
radioresistant or –sensitive, different morphologies). For each 
experiment, the cell survival curve has been parameterized by the 
linear-quadratic model. In addition the corresponding photon 
parameters have been added to the data base to allow determining the 
experimental RBE to any survival level. 
We report on some experimental correlations found within the data 
ensemble. In future it will serve for us as a benchmark to test RBE 
models. Finally, strategies for further validation of the RBE models 
and first model results using the data base in combination with the 
LEM are presented. 
 
POS22-05. Mitotic-spindle associated genes are among the 
common genes responding to ionizing radiation. Akira Fujimori, H. 
Hirakawa, National Institute of Radiological Sciences, Japan 
 
Accelerated ion particle with higher LET (linear energy transfer) is 
promising for the treatment of certain kinds of malignancy. Molecular 
basis of its advantage over conventional radiotherapy, however, has 
not been clarified. Using HiCEP (high-coverage expression profiling), 
we compared gene expression profiles in the normal diploid human 
fibroblasts (HFLIII) irradiated with three types of clinically relevant 
radiation at 2Gy; X-ray (0.9 Gy/min), and carbon ion beam of either 
low (13 keV/μm) or high (70 keV/μm) LET. RNA was extracted at 2, 
4 and 6 hr later and the expression levels for approximate 16,000 
transcripts were compared between samples irradiated and mock-
irradiated. Through all the nine comparison analyses, we selected 11 
IR-responsive genes (signatures), which included upregulated 
transcripts, (BTG2, ATF3, CDKN1Aetc.) and also downregulated 
genes, CCNF (Cyclin F) and ASPM (abnormal spindle-like 
microcephaly associated). Further comparison study demonstrated that 
carbon particles of higher LET prolong the expression of earlier-
responding genes particularly among those which are known to be 
upregulated under p53 control. Since it was documented that 
both CCNF and ASPM are required for normal mitotic-spindle 
formation in somatic cells, our present results would provide a novel 
insight into the carbon ion beams causing the significant reduction in 
these spindle-mitotic proteins on DNA damage response. 
 
POS22-06. A treatment planning study comparing different 
radiobiological models for heavy ion therapy. Clarissa Gillmann1, 
M. Scholz2, C. P. Karger3, S. Greilich3, M. Ellerbrock4, R. Grün5, T. 
Friedrich5, J. Debus6, O. Jäkel4, 1: Radiation Oncology and Radiation 
Therapy, Heidelberg University Hospital, Germany 2: Gesellschaft für 
Schwerionenforschung (GSI) Darmstadt, Germany 3: German Cancer 
Research Center (DKFZ) Heidelberg, Germany 4: Heidelberg Ion 
Therapy Center (HIT), Germany 5: Gesellschaft für 
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Schwerionenforschung (GSI) Darmstadt, Germany 6: Radiation 
Oncology and Radiation Therapy, Heidelberg University Hospital, 
Germany 
 
Introduction: In carbon ion radiotherapy, an accurate calculation of the 
biologically effective dose is essential for the adequate treatment of 
patients. For that purpose, the local effect model (LEM I) has been 
used in clinical routine for more than 500 patients with excellent 
results. Nevertheless it is well known, that LEM I has some 
shortcomings, in particular the overestimation of the relative 
biological effectiveness (RBE) in the entrance channel (Karger 2007, 
Elsässer 2008). As a first step towards the therapeutic use of a further 
developed and more generalized version of the local effect model 
(LEM IV), we conducted a treatment planning study comparing LEM 
I and LEM IV. This study allows us to analyze potential differences in 
the RBE weighted dose calculation of both models and to compare 
resulting dose parameters with published clinical data. 
Materials and Methods: Using LEM IV, we recalculate treatment 
plans that were initially based on the LEM I algorithm. Our collective 
includes 30 patients with skull base chordoma and chondrosarcoma 
who were irradiated with carbon ions in 2002 and 2003. For the 
assessment of recalculated plans commonly used dose indices like 
conformity and homogeneity are evaluated. 
Results: In our analysis, we identify slight deviations between LEM I 
and LEM IV that are in the order of up to 10 % for the median values 
of many clinically relevant dose indices. In detail, we observe, that 
dose distributions in the target, being homogeneous for LEM I, 
become dependent on the tumor diameter in beam direction for LEM 
IV. Furthermore, isodose lines are much more concentrated around the 
target area for LEM IV. In consequence, for tissue in close proximity 
of the target, we observe a dose elevation of about 10 %, whereas in 
regions several millimeters away from the target, we find a reduction 
of dose. As a consequence, the median dose of the temporal lobe is 
reduced about 10 %. 
Conclusion: Our comparative treatment planning study enabled a 
qualitative visualization and a statistical analysis of RBE weighted 
isoeffective dose distributions calculated by LEM I and LEM IV. A 
quantitative evaluation showed similar results for clinically relevant 
dose indices. This treatment planning study essentially contributes to 
the ongoing discussion about the future use of radiobiological models 
in hadron therapy. 
 
POS22-07. Preliminary in vivo data of three experimental 
prostate tumor sublines to photons and carbon ions. Christin 
Glowa1,2, P. Peschke1, M. Scholz3, P. Huber1,2, J. Debus2, C.P. 
Karger1,1: Deutsches Krebsforschungszentrum (DKFZ), Heidelberg, 
Germany 2: Department of Clinical Radiology, University of 
Heidelberg, Germany 3: Gesellschaft für Schwerionenforschung 
(GSI), Darmstadt, Germany 
 
Introduction: Heavy charged particles such as carbon ions are 
characterized by an increased linear energy transfer (LET) and 
therefore show an enhanced relative biologic effectiveness (RBE) with 
respect to photon irradiations. The first dedicated European clinical 
heavy-ion therapy (HIT) facility in Heidelberg (Germany) started 
patient treatment in fall 2009. Following encouraging results for 
radioresistant skull-base tumors, it is planned to extend ion-beam 
therapy also to other tumor entities. As prostate tumors are in focus, 
we have started to determine the biological effectiveness (RBE) of 
carbon ions (12C) for three syngeneic rat prostate tumor sublines, 
varying in volume doubling time, metastatic potential, aneuploidic 
status, hypoxic fraction and differentiation. 
Methods: Fresh pieces from three sublines (AT1, HI and H) of the 
Dunning prostate tumor R3327 were transplanted s.c. into the distal 
right thigh of anesthetized male young adult Copenhagen rats. Tumor 
bearing animals were treated with increasing single doses of 
either 12C-ions or photons. For volumetric determination of growth 
delay, tumors were measured routinely twice a week. Local tumor 
control, which was the preferred final biological endpoint to 
characterize treatment response, was defined as no indication of tumor 
recurrence within an observation time of 300 days. 
Results: Dose escalation studies revealed that local tumor control can 
be achieved with single doses of carbon ions and photons in all three 
sublines of the Dunning prostate tumor system R3327. Based on 
complete dose-response curves, the D50-values (dose at 50% local 
control probability) for the AT1-subline were 32.9 ± 0.9 Gy and 75.7 
± 1.6 Gy, for 12C-peak and photons, respectively. The corresponding 
RBE-value was 2.30 ± 0.08. For the more differentiated sublines 
R3327-H and –HI the 300 days follow-up time is not completed yet, 
but the estimated D50-values appear to be significantly lower 
compared to the anaplastic AT1-subline. In the completed study arms, 
dry and moist desquamation of the skin occurred as most prominent 
side effect, which disappeared 3 to 4 weeks after irradiation. 
Conclusion: The performed study confirmed the effectiveness of 
carbon ion therapy, at least in the radioresistant tumor system R3327-
AT1. Exact positioning, a clear target verification and a well defined 
dosimetry enable a treatment with only marginal side effects in the 
surrounding normal tissue. Ongoing experiments will shed light on the 
question, if and to what extend RBE is related to tumor volume 
doubling time and differentiation. 
 
POS22-08. LET dependence of effects of very low fluences of 
charged particles on irradiated and bystander cells. Kathryn Held1, 
H. Yang2, N. Magpayo2, 1: Massachusetts General Hospital/Harvard 
Medical School, USA 2: Massachusetts General Hospital, USA 
 
In space, cells in an astronaut‘s body are not only traversed by 
ionizing particles and electrons from delta rays, but unirradiated cells 
could also be subjected to bystander effects as a result of intercellular 
signaling from irradiated cells.  Previously, we have shown that there 
is an increased level of micronuclei (MN) in both the irradiated cell 
population and bystander cells sharing medium with the irradiated 
cells at doses as low as 0.44 mGy of 1 GeV/n Fe ions (~0.02 Fe 
ions/cell) or 60 microGy of 1 GeV protons (~2 protons/cell).  From 
that lowest damaging dose to about 1 cGy of either ion, there is no 
increase in fraction of damaged cells in either the irradiated or 
bystander cell populations.  At higher doses, the levels of damage in 
irradiated cells increases, while the fraction of damaged bystander 
cells remains at the plateau level.  In the current studies, AG01522 
human skin fibroblasts (Coriell Institute for Medical Research, 
Camden, NJ, USA) were cultured under our standard 
conditions.  Bystander responses were determined using a transwell 
insert system in which irradiated and unirradiated bystander cells were 
co-cultured in shared medium, starting immediately after 
irradiation.  Endpoints were formation of MN 72 h after irradiation, a 
surrogate for chromosome aberrations, and formation of nuclear foci 
of the DNA repair-related protein 53BP1, a surrogate for DNA DSBs, 
measured 5 h after irradiation.  Irradiation was performed using 1 
GeV/n Fe ions (LET 151 keV/micrometer), 300 MeV/n Fe (LET 250 
keV/micrometer) or 1 GeV protons (LET 0.24 keV/micrometer) at the 
NASA Space Radiation Laboratory (NSRL) at Brookhaven National 
Laboratory (BNL).  Our new data show that at the higher LET from 
300 MeV/n Fe ions, compared to 1 GeV/n Fe ions, the lowest fluence 
at which DNA damage increases is shifted to lower fluences.  The 
fraction of cells with MN or 53BP1 foci is increased in both irradiated 
and bystander populations at a fluence of 200 ions/cm2, or 0.002 Fe 
ions/cell, a 10-fold lower fluence than that where damage is seen with 
1 GeV/n Fe ions.  The data suggest that the minimum charged particle 
fluence at which damage occurs in irradiated and bystander 
populations depends on LET, although the fraction of damaged cells, 
at doses less than 1 cGy, does not.  Acknowledgement:  Supported by 
NASA grant # NNX07AE40G.  
 
POS22-09. Direct action is the key to understand the high 
biological effects caused by particle beams. Ryoichi Hirayama1, Y. 
Matsumoto1, A. Uzawa1, N. Takase1, C. Tsuruoka1, M. Wada1, M. 
Noguchi2, Y. Kase3, N. Matsufuji1, A. Ito4, R. Okayasu1, Y. 
Furusawa1, 1: National Institute of Radiological Sciences, Japan 2: 
Japan Atomic Energy Agency, Japan 3: Shizuoka Cancer Center 
Research Institute, Japan 4: Tokai University, Japan 
 
The contribution of indirect action mediated by OH radicals in cell 
killing can be estimated from the maximum degree of protection by 
dimethylsulfoxide (DMSO), which suppresses indirect action of 
radiation without affecting direct action.  Exponentially growing 
Chinese hamster ovary cells under oxic and hypoxic conditions were 
exposed to X-rays and iron ions having a dose-averaged LET at 200 
keV/micrometer in the presence or absence of DMSO, and the cell 
survival was determined using the colony formation assay.  The 
contributions of indirect action of 76% and 50% were found for X-
rays under oxic and hypoxic conditions, respectively.  In contrast, the 
contributions of indirect action for iron ions were estimated to be 42% 
and 32%.  The RBE values were 2.8 for oxic and 5.3 for hypoxic, and 
the OER values were 2.8 for X-rays and 1.5 for iron ions.  When the 
RBE and OER were estimated separately for direct action (RBED and 
OERD) and indirect action (RBEI and OERI); the RBED was larger 
than RBEI under both normal and low oxygen concentrations.  The 
OERD values for both X-rays and iron ions were lower than that for 
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OERI.  Thus, direct action of radiation gives a remarkably higher RBE 
and lower OER for cell killing than indirect action.  It is possible that 
particle beams may be highly effective in treating cancer if the particle 
therapy can only use the portion of direct action out of total radiation 
actions; this would be exemplified by the usage of radioactive 9C-ion 
beams and boron neutron capture.  
 
POS22-10. Cytogenetic effects of ionizing radiation in peripheral 
lymphocytes of ISS crewmembers. Christian Johannes, A. 
Antonopoulos, W. Goedecke, University Duisburg-Essen, Germany 
 
Astronauts, cosmonauts and an increasing number of space tourists are 
currently visiting the International Space Station (ISS) demonstrating 
the onset of the colonisation of extraterrestrial environments. On-
board of the ISS, members of the crew are exposed to ionising 
radiation of cosmic and solar origin, while on the Earth‘s surface 
people are well protected by the atmosphere and a deflecting magnetic 
field. The radiation field in space consists of high energy protons, a-
particles and nuclei with high charge (Z) and energy (E) (HZE) and 
has a high linear energy transfer (LET). On the contrary terrestrial 
radiation is characterized by low linear energy transfer radiation (X-, 
β- or γ-rays). 
There are data available describing the dose and the quality of ionising 
radiation on-board of the ISS, but the biological effects of the high 
energetic radiation are poorly understood. Highly clustered damage in 
the cellular DNA result from single ion tracks through cellular nuclei 
and it is assumed that multiple and complex chromosomal damage 
may result. Therefore, direct measurements of chromosome mutation 
rates in space are required, because increased radiation doses imply 
long term risks including cataract formation and a higher probability 
of cancer development. 
Here we present data of chromosome aberration (CA) analyses from 
lymphocyte metaphase spreads of several ISS crew members with 
flight durations ranging from 10 to 195 days. Metaphases were scored 
for CA in preflight and postflight blood samples and the mutation 
rates were compared. 
The results of our study show that long-duration but not short-duration 
missions to the ISS lead to increased frequencies of aberrations in the 
peripheral lymphocytes of crew members. The types of aberrations 
found were of the unstable type (dicentrics) and of the stable type 
(translocations) and both are considered to be radiation induced. No 
significant increase of multiple damaged cells or complex aberrations 
types have been found, which are suspected to occur following high 
LET radiations. 
The data obtained will be helpful in order to carefully plan future long 
duration space flight missions to Moon and Mars with acceptable 
levels of radiation risk for the crew members. 
 
POS22-11. Charged particle-induced autosomal mutagenesis in 
normal epithelium exposed to energetic protons or Fe ions. Amy 
Kronenberg1, S. Gauny1, E. Kwoh1, D. Grygoryev2, C. Dan2, M. 
Turker2, 1: Lawrence Berkeley National Laboratory, USA 2: Oregon 
Health & Science University, USA 
 
Most radiogenic human cancers occur in epithelial tissues. Mutations 
are critical in cancer and autosomal mutations predominate.  We used 
the C57BL/6 x DBA/2 Aprt+/0 mouse model to measure charged 
particle-induced mutations.  Kidney epithelial cells were exposed in 
vitro with a short-term assay to detect Aprtmutants, or kidneys were 
exposed in situ with cells harvested 3-4 months post-irradiation (IR) 
and screened for Aprt mutants.  We tested the effect of fractionation 
on Aprt mutation after 1 GeV proton IR (LET=0.24 keV/µm). We also 
measured the effect of sequential IR with protons and 1 GeV/amu Fe 
ions (LET= 151 keV/µm) on Aprt mutant frequencies. Another study 
details genome-wide changes in Fe ion-
induced Aprt mutants.  Exposures were done at the NASA Space 
Radiation Laboratory at Brookhaven National Laboratory.    In 
situ proton IR with 1.25 Gy x 4 daily fractions is toxic to kidney 
epithelium (p<0.011), but less than acute IR (p<0.001).  Fractionated 
IR is mutagenic in situ (p<0.001), but there is sparing for mutation 
after fractionated vs. acute IR (p<0.001).  In vitro data confirm the in 
situ results.  The study of sequential IR shows that exposure to 3 Gy 
of protons + 1 Gy of Fe ions (24 hour interval) is more mutagenic than 
either 3 Gy of protons or 1 Gy of Fe ions alone.  This is also true if the 
sequence is reversed.  The sequence of IR did not impact Aprt mutant 
frequencies.    Earlier, we found large loss of heterozygosity (LOH) 
events in Fe ion-induced mutants using polymorphic markers on 
chromosome 8 where Aprt is located.  Here, we looked at changes on 
11 other chromosomes. Genome-wide LOH is seen in >50% 
of Aprt mutants exposed in vitro or in situ.  Extensive changes are 
seen on the unlinked chromosomes including mitotic recombination, 
multilocus deletions, discontinuous LOH, and chromosome 
loss.  Genome-wide LOH is infrequent in spontaneous mutants except 
for those with loss of chromosome 8, and rare in Fe-exposed non-
mutant cells. Taken together, Fe ions elicit massive genomic 
rearrangements in viable epithelial cells and these events are greatly 
enriched in Aprt mutants.  These events are similar to what is found in 
human epithelial cancers.  The results demonstrate that densely 
ionizing radiation can elicit these changes in apparently normal 
epithelium.  Supported by NASA grants NNJ0HC72I (A. 
Kronenberg), and NNX10AC12G (M.Turker). 
 
POS22-12. Oxidative stress in normal cells exposed to carbon 
ions. Carine Laurent1, A. Leduc1, J. Lefaix2, 1: ARCHADE, France 2: 
CEA, France 
 
PURPOSE: The high efficiency of carbon ions vs. photons, with an 
RBE (Relative Biological Efficiency) of 2 to 3, to treat various 
tumours was demonstrated in the main hadrontherapy centers (GSI, 
Germany and HIMAC, Japan). However, few extensive studies were 
performed in order to evaluate the impact of high-LET exposure on 
healthy tissues. Thus, in order to evaluate the possible secondary 
effects of a carbon treatment, we compared the exposure of normal 
human cells, fibroblasts and endothelial cells, to carbon ions (75 
MeV/u) and to photons (X-rays). METHODS AND MATERIALS: 
Clonogenicity assay was performed to select irradiation doses and 
RBE was calculated. Oxidative stress was assessed to observe induced 
early and long-term cellular responses following radiation exposure 
(hours, days and weeks). DNA damage were measured using alkaline 
comet assay. OTM (Olive Tail Moment) measurements were 
performed immediately after the exposure and also after periods of 
repair (1 and 3 hours after exposure). Micronucleus frequency in the 
cell cultures up to 21 days after irradiation was also an indicator of the 
global management of DNA injury. Lipid peroxidation products were 
quantified as well as protein oxidation products. Enzymatic defence 
systems (catalase, superoxide dismutase and glutathione peroxidase 
activities) and non-enzymatic defence systems (reduced/oxidized 
gluthatione) were also investigated. RESULTS: Survival results 
indicated an RBE of 3.3 and 2.8 in fibroblasts and endothelial cells, 
respectively. In fibroblasts, antioxidant capacity was increased after 
X-rays exposure. After carbon ions exposure, enzymatic defences 
were decreased and biological macromolecules damage were 
increased compared to X-rays. Opposite results were observed 
concerning endothelial cells. CONCLUSION: These results indicated 
an increased efficiency in producing oxidative damage after carbon 
ions exposure compared to X-rays in fibroblasts. 
 
POS22-13. Radiosensitivity in mesothelioma cell lines for X rays 
and carbon-ion beams. Cuihua Liu1, M. Suzuki1 C. Tsuruoka1, N. 
Autsavapromporn2, M. Wada1, Y. Kaneko1, 1: National Institutes of 
Radiological Sciences, Japan 2: New Jersey Medical School Cancer 
Center, USA 
 
INTRODUCTION: Malignant pleural mesothelioma (MPM) is an 
aggressive tumor arising from serous surfaces and often related to 
asbestos exposure. Taking into account a latency period of 20-40 
years, it has been estimated that the number of men dying from MPM 
increase each year until a peak is reached in about 2020. MPM is 
resistant to various forms of therapy, such as radiotherapy, surgery or 
chemotherapy, and only slightly improve prognosis. So far, no 
effective therapeutics including chemotherapy or radiotherapy has 
been established for the disease-advanced case. The present study was 
carried out in order to examine the radio-sensitivity of MPM cell lines 
by X rays and carbon-ion beams. 
MATERIALS AND METHODS: Six kinds of MPM cell lines 
officially distributed by the cell bank were used and irradiated with X 
rays or carbon-ion beams (13.3keV/µm and approximately 
80keV/µm) at the Heavy Ion Medical Accelerator in Chiba (HIMAC) 
in National Institute of Radiological Sciences (NIRS), Japan. Cell-
killing effect was detected using a colony-formation assay. 
RESULTS: D10, which is one of the parameters for cellular radio-
sensitivity and is determined as the dose (Gy) required to reduce the 
surviving fraction to 10%, of 6 cell lines ranged from 2.74Gy to 
5.42Gy for X rays, 2.17Gy to 4.21Gy for 13keV/µm- and 1.08Gy to 
2.38Gy for 80keV/µm-carbon ions. The relative biological 
effectiveness (RBE) values were calculated by the D10 relative to X 
rays, ranged from 1.24 to 1.42 for 13keV/µm- and from 2.31 to 3.09 
for 80keV/µm-carbon ions on each cell line. 
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CONCLUSION: The results suggest that the irradiation of high-LET 
carbon ions is also significantly more effective in cell killing for the 6 
kinds of MPM cell lines than that of low-LET X rays. 
 
POS22-14. Dose-rate effects for chromosome aberrations 
observed in immortalized human fibroblasts irradiated with high 
energy protons. Bradford Loucas, R. Eberle, M. Cornforth, 
University of Texas Medical Branch, USA 
 
Lowering the rate at which low LET radiation is delivered to 
biological systems often results in a diminution of induced effects, 
including chromosome aberrations.  As the dose rate is lowered, a loss 
of the curvature that is characteristic of acute clastogenic dose 
responses is observed.  This ―flattening‖ of the dose response is 
thought to result from a decline in the frequency of exchanges that 
arise from damage caused by the interaction of multiple tracks.  This 
decline will continue with decreasing dose rate until the ―limiting low 
dose rate‖ is achieved.  In theory, at this point, damage is confined to 
that caused by single tracks (intratrack) producing linear dose 
responses.  While this phenomenon has been well studied with X- and 
gamma-rays, it is unclear to what extent such an effect will be 
observed following irradiation with high energy, low LET 
protons.  To test the presence and extent of dose rate effects for high 
energy protons, we irradiated plateau phase hTERT-immortalized BJ-
1 human fibroblasts at NSRL with 1 GeV, 150 MeV and 50 MeV 
protons at a low dose rate of about 0.5 cGy/min which is near the 
limiting low dose rate for gamma photons, and compared these results 
to those obtained following acute dose rates of about 100 
cGy/min.  Cells were subcultured 72-96 hours post-irradiation and 
mitotic cells were collected 32-36 hours later.  These were examined 
using 24-color mFISH to measure the frequency of chromosome 
aberrations.  The scoring of cells irradiated with 1 GeV is now 
complete and results indicate that the frequency of aberration 
breakpoints produced by the 3 Gy acute dose is 1.5- to 3-fold higher 
compared to that observed following protracted exposures.  Part of 
this difference seems to have resulted from a greater relative reduction 
in the frequency and size of complex exchanges, resulting from three 
or more chromosome breaks, as compared to simple exchanges 
produced by pair-wise break rejoinings.  The inspection of cells 
irradiated at the two lower energies is on going but preliminary 
evidence suggests that results will be similar to those of the 1 GeV 
experiments.  The authors gratefully acknowledge support from the 
NASA, Office of Biological and Physical Research NASA/OBPR; 
NNJ07ZSA001N. 
 
POS22-15. Anti-metastatic effects of carbon-ion beams for 
malignant tumors. Yoshitaka Matsumoto1, A. Uzawa1, R. Hirayama1, 
S. Koike1, C. Tsuruoka1, M. Wada1, R. Okayasu1, K. Ando2, S. 
Masunaga3, Y. Furusawa1, 1: National Institute of Radiological 
Sciences, Japan 2: Gunma University, Japan 3: Kyoto University, 
Japan 
 
Purpose: Up to 2011, over 5500 patients have been treated in HIMAC. 
Malignant melanoma showed high local control about 75%, whereas 
the overall survival was about 36% at 5-years. It is an important 
subject to control tumor distant metastasis for heavy-ion radiotherapy. 
The aim of this study is to clarify the effect of carbon ion beams (C-
ions) on metastatic potential of melanoma in vitro and in vivo. 
Materials andMethods: A highly metastatic mouse malignant 
melanoma cell line, B16/BL6 was maintained in RPMI-1640 medium 
supplemented with 10% FBS and antibiotics. [in vitro] Samples were 
prepared 1.5 days before and then irradiated with C-ions at different 
LETs or X-rays. Surviving fractions (SF) and metastatic potentials 
(migration, invasion and adhesion activity) of the cells were 
examined. [in vivo] Local tumors implanted into right leg of mice 
(7.5±0.5 mmφ) were also irradiated with C-ions at different LETs, or 
γ-rays. The metastatic effects were analyzed with the spontaneous 
lung metastasis model. Radiosensitivity for individual cell in a tumor 
was obtained by an in vivo-in vitro assay.  Results: [in vitro] C-ions 
showed higher cytotoxic and anti-metastatic effects compared with X-
rays, and the effects were significant depend on dose and LET values. 
The enhancement ratios obtained from metastatic potential were 
higher than that from cell killing. [in vivo] After irradiation for local 
tumors, the numbers of lung metastatic nodules decreased with the 
dose and LET values. C-ions were more effective compared with γ-
rays. The number of lung metastasis was analyzed with equivalent 
survival dose at D10 calculated form the survival curves of individual 
cell in a tumor. In this case, C-ions also showed smaller number of 
metastasis than γ-rays.  Conclusion: It might suggest that C-ions 
inhibit metastasis at radiotherapy compared with photons. 
 
POS22-16. Induction of nuclear-wide H2AX phosphorylation by 
ion irradiation. Barbara Meyer1, K. Voss1, N. Averbeck1, M. 
Herrlitz1, B. Jakob1, M. Durante2, G. Taucher-Scholz1, 1: GSI, 
Germany 2: GSI; Technical University Darmstadt, Germany 
 
Introduction: In response to ionizing radiation, the histone H2AX is 
phosphorylated at DNA double-strand breaks forming γH2AX foci 
that promote the recruitment and retention of repair factors to the 
damage sites. Here we describe an additional, novel ion irradiation-
induced response, the nuclear-wide formation of γH2AX. 
Methods: Besides wt cells, ATM- or DNA-PK-deficient human 
fibroblasts as well as H2AX-/- mouse cells were irradiated with heavy 
ions and fixed for immunofluorescence microscopy or harvested for 
Western analysis or MNase assay. Apoptotic cells were detected by 
annexin, G2 cells by CENPF staining. Specific inhibitors of ATM, 
DNA-PK, and HATs were used. A software based intensity 
measurement of the pan-nuclear immunofluorescence signal was 
conducted after defined irradiation with the GSI heavy ion 
microprobe. 
Result: The nuclear-wide γH2AX signal is seen with various tested 
γH2AX antibodies in all cell cycle phases. It is not observed in H2AX-
/- cells. Pan-nuclear γH2AX is chromatin-bound as extraction of 
soluble protein previous to fixation did not alter the signal. The 
response is not connected to apoptosis. The pan-nuclear γH2AX signal 
intensity is directly proportional to the applied dose, but this response 
follows different kinetics than the γH2AX foci. The nuclear-wide 
signal decreases within 8 hours after irradiation whereas ion-induced 
γH2AX foci still remain. Pan-nuclear H2AX phosphorylation clearly 
occurs in ATM or DNA-PK deficient cells; only inhibition of both 
kinases abolishes it. We checked for radiation-induced global changes 
of chromatin acetylation and for chromatin relaxation that could be 
connected to the induction of the pan-nuclear response. However, a 
condensation change of chromatin was not reproducibly observed and 
in hyperacetylated chromatin the nuclear-wide H2AX phosphorylation 
is also induced. 
Conclusion: Our data clearly show that already after single ion 
irradiation H2AX is phosphorylated nuclear-wide in undamaged 
chromatin by ATM and DNA-PK, although the latter is assumed to be 
activated only at damage sites.  We found no evidence for global 
changes of chromatin structure, which might induce this pan-nuclear 
response. The underlying mechanism of nuclear-wide H2AX 
phosphorylation is the matter of our ongoing studies. 
(Funded by BMBF Grant 02NUK001A) 
 
POS22-17. Strain-dependent intra-alveolar hemorrhage with the 
accumulation of CD44 and Mac3 positive cells after carbon-ion 
irradiation. Takashi Moritake1, H. Fujita2, M. Yanagisawa3, M. 
Nakawatari2, K. Imadome2, E. Nakamura2, M. Iwakawa2, T. Imai2, 1: 
Proton Medical Research Center, University of Tsukuba, Japan 2: 
National Institute of Radiological Sciences, Japan 3: Chiba University, 
Japan 
 
The aim of this study was to investigate whether inherent factors 
produce variance of lung morbidity in response to carbon-ion (C-ion) 
irradiation, and to identify the molecules that have a key role in strain 
dependent lung adverse effects. Three strains of female mice (C3H/He 
Slc, C57BL/6J Jms Slc and A/J Jms Slc) were locally irradiated in the 
thorax with either C-ion beam (290 MeV/n, in 6 cm SOBP) or 
with 137Cs γ-rays as a reference beam. We performed survival assays, 
histological examinations of the lung with hematoxylin-eosin staining, 
Masson‘s trichrome staining, immunohistochemical staining for CD44 
and Mac3, and gene expression analyses. Intra-alveolar hemorrhage 
was assessed by Berlin blue staining and measurement of the iron 
concentration of bronchoalveolar lavage fluid. Survival data presented 
a mouse strain-variance after C-ion irradiation at 10 Gy. The 
histological examination revealed early phase hemorrhagic 
pneumonitis in C3H/He mice and late phase pulmonary fibrosis in 
C57BL/6J mice after C-ion irradiation at 10 Gy. Microarray analysis 
of irradiated lung tissue in three mouse strains identified differential 
expression changes of the growth differentiation factor 15 gene 
(Gdf15), that regulates inflammatory and apoptotic pathways and 
macrophage function and for the hyaluronan synthase 1 gene (Has1), 
that plays a role in hyaluronan metabolism. Immunohistochemical 
analysis showed that the ratio of CD44-positive cells as surrogate 
marker for hyaluronan accumulation and Mac3-positive cells as maker 
for inflammation and macrophage infiltration in irradiated lung varied 
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significantly among three mouse strains. This study demonstrated the 
strain-dependent differential response in mice to high-LET C-ion 
irradiation. Our findings identified possible molecules relating to the 
strain-variance of lung toxicity after C-ion irradiation.  
 
POS22-18. Radiosensitization by inhibition of homologous 
recombination repair combined with high LET heavy ion 
irradiation. Ryuichi Okayasu1, H. Hirakawa1, M. Noguchi2, D. Yu3, 
M. Takahashi2, R. Hirayama1, A. Fujimori1, 1: National Institute of 
Radiological Sciences, Japan 2: Japan Atomic Energy Agency, Japan 
3: Tokyo Medical and Dental University, Japan 
 
17AAG, an Hsp90 inhibitor was shown to radiosensitize certain 
human tumor cells exposed to X-rays, while this sensitization was not 
clearly observed in normal human cells.  The mechanism of this was 
suggested to come from inhibition of DNA double strand break (DSB) 
repair, particularly impairment of homologous recombination repair 
(HRR) pathway by this drug (Noguchi et al 2006). Key proteins 
associated with HRR seem to be affected by this inhibitor. To our 
surprise, tumor radiosensitization with 17 AAG was also observed in 
cells exposed to high LET carbon ions (70 kev/μm). Independently we 
also found that knockdown of BRCA2, a key HRR protein 
significantly radiosensitized human tumor cells. These results indicate 
that there seem to be a radio-sensitization mechanism associated with 
the combination of HRR inhibition and high LET radiation, and this 
may occur particularly in S-phase cells. Furthermore, we also used 
mouse xenograft model to examine the combined effect of 17AAG 
and high LET carbon irradiation. For this purpose, SQ5 human lung 
tumor cells were implanted on the leg of nude mice and the tumor 
growth was observed in the combined treatment as compared with 
radiation or drug treatment alone. Our preliminary results indicate that 
tumor growth was more inhibited in the 17AAG and carbon 
irradiation than carbon or 17AAG treatment alone. These data suggest 
that an effective tumor control might be obtained by combining an 
HRR inhibitor with high LET carbon irradiation. 
 
POS22-19. Genotoxic effects of low- and high-let radiation on 
human epithelial cells grown in 2-D versus 3-D culture. Zarana 
Patel1, F. Cucinotta2, J. Huff1, 1: USRA/NASA JSC, USA 2: NASA 
JSC, USA 
 
Risk estimation for radiation-induced cancer relies heavily on human 
epidemiology data obtained from terrestrial irradiation incidents such 
as medical and occupational exposures as well as from the atomic 
bomb survivors.  No such data exists for exposures to the types and 
doses of high-LET radiation that will be encountered during space 
travel; therefore, risk assessment for space radiation requires the use 
of data derived from cell culture and animal models. The use of 
experimental models that most accurately replicate the response of 
human tissues is critical for precision in these risk projections. This 
work compares the genotoxic effects of radiation on normal human 
epithelial cells grown in standard 2-D monolayer culture compared to 
3-D organotypic co-culture conditions.  These 3-D organotypic 
models mimic the morphological features, differentiation markers, and 
growth characteristics of fully-differentiated normal human tissue and 
are reproducible using defined components.  Cultures were irradiated 
with 2 Gy low-LET gamma rays or varying doses of high-LET 
particle radiation and genotoxic damage was measured using a 
modified cytokinesis block micronucleus assay.  Our results revealed 
a 2-fold increase in residual damage in 2 Gy gamma irradiated cells 
grown under organotypic culture conditions compared to monolayer 
culture. Irradiation with high-LET particle radiation gave similar 
results, while background levels of damage were comparable under 
both scenarios.  These observations may be related to the phenomenon 
of ―multicellular resistance‖ wherein cancer cells grown as 3-D 
spheroids or in vivo exhibit an increased resistance to killing by 
chemotherapeutic agents compared to the same cells grown in 2-D 
culture.  A variety of factors are likely involved in mediating this 
process, including increased cell-cell communication, 
microenvironment influences, and changes in cell cycle kinetics that 
may promote survival of damaged cells in 3-D culture that would 
otherwise die or be rendered reproductively inactive in 2-D culture. 
 
POS22-20. mBAND analysis of aberrations reveals marked 
differences between cells exposed in vitro and in vivo to X-rays or 
C-ions. Sylvia Ritter1, D. Pignalosa1, R. Lee1, C. Hartel1, M. Durante1, 
S. Sommer2, A. Nikoghosyan3, J. Debus3, 1: GSI, Germany 2: 
Scientific Center of Radiobiology and Biological Dosimetry, Warsaw, 
Poland 3: Radiology Clinics, University of Heidelberg, Heidelberg, 
Germany 
 
Identification of a cytogenetic signature that allows distinguishing 
high from low LET exposure is a long-standing goal in radiobiology. 
It has been predicted that high LET radiation preferentially produces 
multiple breaks within a given chromosome resulting in intra-
chromosome aberrations, while after low LET exposure many 
chromosomes are damaged, favoring the formation of inter-
chromosome aberrations. In the present study we report first results 
obtained by the mBAND-technique for human lymphocytes 
exposed in vitro orin vivo. For in vitro experiments, lymphocytes of a 
healthy volunteer were irradiated with 2 Gy of 11.4 MeV/u C-ions 
(LET = 175 keV/μm) or 4 Gy X-rays. Slides were hybridized with an 
mBAND probe specific for chromosome 2 and aberrations were 
measured in first cycle metaphases. Furthermore, lymphocytes from 
prostate cancer patients obtained at the end of therapy were analyzed. 
Patients were treated with carbon-ion boost (6x3GyE) followed by 
photon IMRT (60 Gy) or solely IMRT (78 Gy). To study the effect of 
field size, patients with a larger target volume treated with IMRT were 
included in the study. The carbon-ion boost was delivered at GSI, 
Darmstadt; the treatment using IMRT was performed at the Radiology 
Clinics, Heidelberg. In all samples scored, inter-chromosome 
aberrations dominate, while only a small number of intra-chromosome 
aberrations was observed indicating that the ratio of both aberration 
classes does not represent a practical biomarker of radiation quality. 
Interestingly, only in samples exposed in vitroa marked proportion of 
aberrations involving both inter- and intra-chromosome exchanges 
was found (30 and 15% for C-ions and X-rays, respectively). A 
detailed analysis of complex aberrations revealed significant 
differences between C-ions and X-rays after in vitro exposure, while 
no difference was observed for patients treated with C-ion boost or 
solely IMRT. Data obtained for the third patient group (IMRT, large 
field) suggest that the field size has a prominent effect on the number 
of complex aberrations formed. These data will be compared with that 
recently obtained by the mFISH-technique (Hartel et al. Radiotherapy 
& Oncology 95, 73-78 (2010)). 
 
POS22-21. Silicon exposure alters putative components of 
neuroglial intercellular signaling. Martha Sanchez, M. C. Sanchez, 
B. M. Bianski, L. S. Ortloff, G. A. Nelson, L. M. Green, Loma Linda 
University, USA 
 
Bidirectional communication between astrocytes and neurons is 
essential for normal central nervous system (CNS) function and 
development.  Mediation of bidirectional signaling is ascribed to three 
principal messengers: calcium, glutamate, and ATP.  Calcium-
mediated signaling is one of the mechanisms by whichCNS cells 
communicate and modulate the activity of adjacent cells.  Calcium 
waves are believed to underlie the spatial transfer of information and 
coordination of distinct neuron-glial domains.  Waves can propagate 
through intercellular gap junctions and/or an extracellular signaling 
molecule.  The aim of this study was to ascertain the effect of 300 
MeV silicon exposure on signaling elements of CNS intercellular 
communication.  METHODS:  Primary human astrocytes and neurons 
were exposed to 5, 10, and 100 cGy acute doses of 300 MeV 
silicon.  ATP release and calcium wave propagation were measured at 
3 hrs, 2 days, and 7 days after exposure.  ATP release measurements, 
determined using a luciferin-luciferase-based bioluminescent assay, 
were obtained in neuron, astrocyte, and mixed neuron-astrocyte co-
cultures.  Propagation of calcium waves in astrocytes and in mixed 
cultures was measured using the fluorescent calcium indicator Fluo-4 
AM.  Calcium waves were elicited by point mechanical stimulation 
and spatial changes in intercellular calcium were 
measured.   RESULTS:  Significant increases in ATP release were 
measured at 3 hrs after exposure to 100 cGy in all three types of cell 
cultures.  By 2 days, the only significant change in ATP release was a 
decrease noted in 5 cGy irradiated astrocytes.  Calcium wave 
measurements of unirradiated control cultures displayed a calcium 
wave radius between 250-400 μm.  Silicon irradiation altered calcium 
wave propagation in astrocytes but not in mixed cultures.  Significant 
increases in wave distance were measured at 3 hrs and 7 days post-
exposure to all radiation doses.   CONCLUSIONS:  The changes in 
ATP release and calcium waves indicate that silicon irradiation, at 
these doses, is capable of altering these two components of neuroglial 
communication.   Such altered responses may represent early 
signaling changes that constitute the CNS radioresponse and could 
have vast consequences on cognitive processes given the high degree 




POS22-22. Lethal and sub-lethal damage along and around a 62 
MeV/u spread out carbon beam. Giuseppe Schettino1, J. N. 
Kavanagh1, L. Manti2, F. J. Currell1, P. Cirrone3, F. Romano3, G. 
Grossi2, K. M. Prise1, 1: Queen's University Belfast, UK 2: University 
of Naples "Federico II", Italy 3: LNS-INFN, Italy 
 
Ion beams have been indicated as the ideal radiation modality for the 
treatment of deeply seated and/or radioresistant cancers due to the 
inverse dose deposition pattern they generate as they penetrate 
biological samples. Although better dose distributions can be achieved 
compared to conventional X-ray radiotherapy, there are still open 
questions regarding the long-term effects caused in the surrounding 
healthy tissues. Our study aims to investigate lethal and sublethal 
damage caused in living cells along and in the proximity of 
therapeutically relevant ion beams. Initial experiments were 
performed by exposing human fibroblast (AG01522) cells to 62 
MeV/u carbon beams in a spread out Bragg peak (SOBP) 
configuration. Data confirm the increasing effectiveness of carbon 
ions in inducing cell killing as they slow down with RBE10%(Plateau) 
= 2.3 and RBE10%(SOBP) = 4.2 relatively to conventional X-rays. 
Track- and dose-averaged LET calculations using Geant4 package 
will help relating the RBE measurements (for both lethal and sublethal 
events) as a function of the spread out configuration. Cell survival 
data have been matched by measurement of DNA damage 
(immunofluorescence through g-H2AX assay) at different times post 
irradiation showing the different rate at which plateau and SOBP 
DNA insults are repaired. Analysis of foci size and residual number of 
foci at 24 h post irradiation have also been performed to relate severity 
of DNA damage induced to cellular outcome and compare it to other 
type of radiations (X-rays, protons and antiprotons). Out of field 
measurements also suggest significant DNA damage being induced in 
cells not directly exposed (bystander effect) but which share medium 
with exposed cells.  This damage appears to be independent from dose 
and LET variations. Finally, chromosome aberration studies reveal 
substantial chromosome rearrangement induced in both the plateau 
and the SOBP region. Interestingly, the aberration rate appears to be 
dose dependent in the plateau region but not in the SOBP. Moreover, 
the quality of the aberrations detected also shows an interesting 
pattern with transmissible aberrations dominating in the plateau 
response while lethal rearrangement and chromosome fragments are 
the majority in the SOBP. 
 
POS22-23. Relative biological effectiveness of 20 MeV protons 
delivered homogenously or as focused beams in a 5x5 µm 
matrix. Thomas Schmid1, G. Dollinger2, V. Hable2, C. Greubel2, O. 
Zlobinskaya1, D. Michalsi1, A. Friedl3, E. Schmid3, G. Multhoff1, M. 
Molls1, 1: Department Radiotherapy and Radiooncology, Klinikum 
rechts der Isar, Germany 2: Universitaet der Bundeswehr Muenchen 3: 
Ludwig-Maximilians-Universitaet Muenchen, Germany 
 
Due to their physical and radiobiological properties,in particular their 
increased relative biological effectiveness (RBE), high linear energy 
transfer (LET) radiation qualities are of special interest for tumor 
therapy. The aim of the present investigation was to quantify the 
influence of spotapplication of a bunch of 20 MeV protons within an 
irradiation field of 4x4 mm using the same dose. Human-hamster 
hybrid (AL) cells were irradiated with 1.7 Gy of 20 MeV protons at 
the Munich ion microprobe SNAKE (Superconducting Nanoprobe for 
Applied nuclear [Kern] physics Experiments) of the 14 MV Munich 
tandem accelerator. Since this unique irradiation setup allows the 
irradiation with single or counted protons, AL cells were exposed to 
counted protons either in a focused mode using a 5x5 µm matrix with 
100 protons per point or a homogenous mode. Using simultaneously 
obtained linear-quadratic dose response curves for the induction of 
dicentric chromosomes as well as micronuclei in AL cells by 70 kV 
X-rays, RBE values for 20 MeV protons delivered at both application 
modes were determined. For the dicentric chromosome data, RBE 
values of 1.41±0.10 and 1.89±0.12 were determined for homogeneous 
and spot application of 20 MeV protons, respectively. For the 
corresponding micronuclei data, RBE values of 1.30±0.08 and 
1.52±0.08 were obtained for homogeneous and spot application, 
respectively. Since these differences between both application modes 
are significant (p<0.05), it can beconcluded that elevated RBE values 
of 20 MeV protons can be achieved by spot application of a bunch of 
20 MeV protons within an irradiation field of 4x4 mm using the same 
dose. This finding represents an important step in understanding the 
increased RBE of carbon ions for clinical radiotherapy. In general, the 
present result is the first evidence that the increased RBE of heavy 
ions can be simulated by spot application of a bunch of protons. 
Supported by the DFG Cluster of Excellence:Munich-Centre for 
Advanced Photonics and by the Maier Leibnitz Laboratory Munich. 
 
POS22-24. The full simulation of dose response curves using the 
Local Effect Model. Uwe Scholz, T. Friedrich, M. Scholz, M. 
Durante, GSI/Biophysics, Germany 
 
The purpose of the Local Effect Model (LEM) is to calculate the 
relative biological effectiveness (RBE) of charged particle radiation 
with respect to conventional photon radiation.  In its most recent 
implementation, it is based on the simulation of the microscopic 
distribution of double strand breaks and their spatial correlation. In 
general,  a low dose approximation is used where the biological 
damage of a radiation field at moderate doses is deduced from the 
damage pattern deposited by one charged particle. 
To investigate the accuracy of the low dose approximation for the 
recent implementation of the LEM, the code has been extended to 
simulate the actual damage pattern of an arbitrary high number of ion 
traversals, here called „full simulation‖. Contrary to the low dose 
approximation, in the extension the mean survival of the cell nucleus 
at an arbitrary high macroscopic dose is estimated by means of the 
stochastic distribution of ion traversals and the actual induced damage 
pattern. 
Simulated survival curves have been analysed in terms of their linear-
quadratic parameters α and β  for different radiation qualities. While 
the α-term turned out to be the same as in the low dose approximation, 
the β-term shows a different behaviour. For carbon ions with LET 
below 20 keV/µm both β values coincide while in the range of 
20 keV/µm up to 150 keV/µm the β-term in the full simulation is 
increased as compared to the low dose approximation. At even higher 
LET β approaches zero for both cases as expected. The deviation in 
the mid-LET region depends on the input parameters characterizing 
the photon dose response. The increased β-term is also observed for 
lighter ions. For protons we observe a rise of the β-term between 
10 keV/µm and 40 keV/µm even significantly above the value of 
photon radiation. This effect is in line with findings reported for 
neutron experiments.  
Furthermore, within the full simulation we investigated the dose 
dependence of the RBE up to high irradiation doses for different ion 
species. It turned out that for light ions the RBE approaches values 
higher than 1. This behaviour can be understood mechanistically 
within the LEM and is also consistent with findings reported in the 
literature for neutron radiation. 
 
POS22-25. Application of the Local Effect Model (LEM) to 
predict cell transformation in-vitro. Michael Scholz, T. Friedrich, 
U. Scholz, M. Durante, GSI/Biophysics, Germany 
 
For both clinical applications and radiation protection issues, there is 
large interest in understanding the increased biological effectiveness 
of particle radiation. The Local Effect Model (LEM) has been 
developed to predict the systematic dependencies of the relative 
biological effectiveness (RBE) as a function of the ion species, the 
beam energy and the biological characteristics of the cell or tissue 
type under consideration. The model has been successfully 
implemented in treatment planning for ion beam therapy, where the 
primary focus was to predict tumor and normal tissue response in the 
target region with sufficient accuracy. 
In order to better assess and quantify the relative merits of ion beam 
therapy as compared to other treatment modalities, secondary cancer 
induction will be an increasingly important aspect. We therefore tested 
the applicability of the LEM to more complex endpoints like cell 
transformation in-vitro, representing an important step towards 
application to secondary tumor induction. 
As for the other applications, the calculations are based on the 
corresponding photon parameters. In order to reflect the two 
competing processes, i.e. cell killing and transformation induction, 
two sets of LQ-parameters are used. Based on the different sets of 
parameters, the relative contributions to killing and induction after ion 
irradiation are calculated and the resulting probability to induce a 
visible transformation is determined. 
The approach has been tested by comparison to experimental data 
reported by Miller et al. (Radiat. Res. 1995) for light ions at low 
energies and by Yang et al. (Radiat. Res. 1985) for heavier ions at 
high energies. In both cases, reasonble agreement between model 
predictions and experimental data is observed. In conclusion, this 
agreement demonstrates that the general strategy of the LEM can be 
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extended to endpoints like cell transformation and thus has the 
potential for applications to estimate secondary tumor induction as 
well. 
 
POS22-26. Space radiation-induced intestinal tumorigenesis is 
mediated via preferential activation β-catenin/TCF-4 
signaling. Shubhankar Suman, K. Datta, D. Trani, A. J. Fornace Jr., 
Georgetown University, USA 
 
Introduction: Currently, the long-term tissue-specific consequences on 
human health of space radiation exposure, especially heavy ion 
radiation, are yet to be defined. Colorectal cancer (CRC) is the third 
most common cancer in the US and although we have shown earlier 
that heavy ion radiation increases intestinal tumorigenesis in 
APC+/min mice, the molecular pathways involved are not 
characterized. 
Methods: APC+/min mice (6-8 wks) were irradiated with 5 Gy of 
gamma radiation and iso-toxic doses of 1GeV proton (4.7 Gy) and 1 
GeV/nucleon 56-Fe radiation (4 Gy). After 90 days mice were 
euthanized, intestinal tumors counted and tumor samples flash frozen. 
Tumor samples were subjected to histology, western blot, 
immunohistochemistry (IHC), activity assays, and real time Q-PCR to 
dissect the APC/β-catenin/TCF4 pathway, commonly altered in 
human CRC.Results: Quantitative observations showed enhanced 
intestinal tumorigenesis after space radiation exposure. Marked 
increases in β-catenin and TCF4 were associated with a decrease in 
phospho-β-catenin and increased phospho-GSK3β by western blot 
analysis of space radiation samples. Increased β-catenin was also 
associated with higher levels of cyclin-D1 and c-myc in these 
samples. Furthermore, strikingly lower level of p53 along with higher 
MDM2 was also observed in space radiation samples. Interestingly, 
the decrease in p53 and increase in MDM2 was higher with 56-Fe. 
These observations were further supported by IHC and Q-PCR 
data.Conclusions: Both proton and 56-Fe, although were more 
tumorigenic than gamma radiation, showed similartumorigenicity. 
However, distinct molecular changes in APC/β-catenin/TCF4 
signaling were observed with proton and 56-Fe radiation. In 56-Fe 
there was higher nuclear accumulation of β-catenin along with 
reduced phospho-β-catenin and higher phosphorylation mediated 
inactivation of its upstream kinase GSK3β. This indicates that 56-Fe 
has greater potential towards carcinogenic process than proton. 
Enhanced potential of 56-Fe for carcinogenesis is further supported by 
our data on p53 pathway and also on β-catenin downstream targets c-
myc, cyclin-D1, and MMP-7. In conclusion, this is the firstevidence 
showing greater potential of heavy ion radiation for intestinal 
carcinogenesis mediated via β-catenin/TCF4signaling. 
 
POS22-27. Three-dimensional organotypic cultures as an in vitro 
model of heavy ion-induced mucositis due to extended space 
flights. Viktoria Tschachojan, S. Ulrike, M. Wolfgang, Institute of 
Physiology and Pathophysiology, University Medical Center of the 
Johannes Gutenberg University Mainz, Germany 
 
Humans in exomagnetospheric space are exposed to highly energetic 
heavy ion radiation which can be hardly shielded. Radiation-induced 
mucositis therefore constitutes not only a severe complication of 
heavy ion radiotherapy, but also a serious medical safety risk for 
astronauts during extended space flights, such as missions to moon or 
Mars which are planned by National Aeronautics and Space 
Administration (NASA) and European Space Agency (ESA). Due to 
limited possibilities of medical treatment during space flights, 
inflammation much likely exacerbates to a chronic mucositis and the 
probability of carcinogenesis rises. 
We are working on 3D organotypic cultures of immortalized human 
gingival keratinocytes and mesenchymal fibroblasts which mimic 
human oral mucosa. Organotypic cultures were irradiated with a 
horizontal particle beam at high energies (C12, 150 MeV per microm) 
at the Gesellschaft fuer Schwerionenforschung (GSI) in Darmstadt. 
The major focuses of this study are immediate and early effects after 
heavy ion irradiation. Structural analyses, DNA damages, and nuclear 
factor κB (NFκB) p50 and p65 were investigated by histological and 
immunofluorescence stainings of cryosections. 
Organotypic cultures showed various layers of fibroblasts and 
keratinocytes. The latter could be detected via specific keratin 
stainings, such as keratin 4 and keratin 14. We saw a more intense 
signal of γH2AX immunofluorescence stainings in irradiated 
organotypic cultures. In addition to their structural role as the first line 
of defense, keratinocytes play an important role in inflammatory 
reactions. First results revealed an optical dose-dependent increase in 
staining intensities of NFκB p50 and p65 after irradiation with 
C12ions. 
We established a suitable 3D system for investigations of heavy ion-
induced damages and immune responses to oral mucosa. Exposure to 
heavy ions with high energies leads to an early inflammatory 
response. As chronic inflammation may be a risk of tumorigenesis, 
further research on the link between radiation-induced inflammation 
through heavy ions and induction if tumorigenesis is warranted. 
This project is realized in cooperation with GSI and ESA; it is 
supported by the German Aerospace Center (DLR) and the Federal 
Ministry of Economics and Technology (BMWi), #50 WB 0926. 
 
POS22-28. Similarities and differences in the distribution of 
radiation-induced chromosome breaks between low and high-
LET.  Honglu Wu1, M. Hada1,2, Y. Zhang1,3, A. H. Feiveson1, F. A. 
Cucinotta1 , 1NASA Johnson Space Center, Houston, Texas 
and 2Universities Space Research Association, Houston, Texas, 
and 3Wyle Laboratories, Houston, Texas, USA 
 
The distribution of breakpoints in chromosomes has been an interest 
in cancer research due to the large number of malignant diseases that 
are associated with chromosome aberrations containing breaks in 
specific regions. To study the effects of low- and high- LET radiation 
on break locations within a chromosome, we exposed human 
epithelial cells in vitro to Cs-137 g-rays at both a low and a high dose 
rate, secondary neutrons at a low dose rate, and 600 MeV/u Fe ions at 
a high dose rate. Breakpoints were identified using multicolor 
banding in situ hybridization (mBAND), which paints chromosome 3 
in 23 different colored bands and allows identification of both inter- 
and intrachromosome aberrations. Detailed analysis of the 
chromosome fragment ends involved in intrachromosomal exchanges 
revealed a similar breakpoint distribution among all four low- and 
high-LET radiation scenarios with clusters of breaks found in the 
same regions. Analysis of the locations of the two fragment ends in 
chromosome 3 that join to form an intrachromosome exchange also 
demonstrated a similar likelihood between low- and high-LET for the 
rejoining of two breaks located in two different regions of the 
chromosome. One difference of the breakpoint distribution was found 
in the region of the chromosome that was identified as a cold spot for 
low-LET. However, with high-LET radiation exposure, a significant 
number of breaks were observed in this region. In particular, those 
breaks induced only by high-LET tended to rejoin with other breaks 
separated by distant genomic distances. Our results revealed that most 
high-LET-induced chromosome breaks rejoin the same way as those 
induced by low-LET, but the rejoining of a small fraction of these 
breaks is unique for high-LET. 
 
POS22-29. Biophysical assessment for treatment planning of 
carbon-ion therapy. Yukari Yoshida1, M. Tashiro1, A. Musha2, T. 
Kanai1, H. Kawamura1, M. Sakama3, T. Takahashi4, T. Ohno1, K. 
Ando1, T. Nakano1, 1: Gunma University Heavy Ion Medical Center, 
Japan 2: Department of Radiation Oncology, Gunma University 
Graduate School of Medicine, Japan 3: Department of Electrical and 
Electronic Enginiering, College of Industrial Technology, Nihon 
University, Japan 4: Department of Radiation Oncology, Saitama 
Medical Center, Saitama Medical University, Japan 
 
A new carbon-ion therapy facility was constructed at Gunma-
University Heavy-Ion Medical Center (GHMC) in 2009, and a new 
treatment planning system (TPS) was developed. For QA/QC of the 
TPS, accuracy of the TPS was evaluated biologically in homogeneous 
and inhomogeneous system. 
Carbon ions were accelerated to 350 MeV/u in GHMC. Human 
salivary gland tumor (HSG) cells were irradiated at three positions 
within the 8-cm width of spread-out Bragg peaks (SOBPs) in 
homogeneous system. The inhomogeneous experiments were 
performed by the use of phantom including equivalent materials such 
as lung, bone and fat, in which capsules contained HSG cells were 
embedded. The cell survival values of carbon ions were measured by 
colony formation for HSG cells, and were compared with predicted 
values by the plan of the TPS. 
The D10 value is the dose that would reduce cell survival to 10%, and 
it was obtained from the alpha and beta parameters for each survival 
data when survival curves were drawn using the linear-quadratic 
model. The RBE value at the D10 dose level was 2.01 at center in the 
SOBPs. In homogeneous system, the values of measured survival data 
were lower about 10% than the predicted one. The values of the 
measured survival data were lower about 20% than the predicted one 
in inhomogeneous system. The measured physical dose using the 
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Farmer chamber accorded with calculated dose by TPS in less than 
5% in both systems. 
These results suggest that the difference of survival data between 
homogeneous and inhomogeneous system was about 10%. Not only 
the dose but also the radiation quality affects to biological responses 
in carbon-ion therapy. The difference of biological effectiveness in 
inhomogeneous system may be caused by radiation quality. Further 
investigation, using the inhomogeneous phantom and various cells, 
biophysical study will be promoted for treatment of various organs. 
 
POS22-30. A multiparametric approach to study the effects of low 
doses of densely ionising radiation in human peripheral blood 
lymphocytes. Dimphy Zeegers1, S. Sehtu2, P. Srikanth2, M. Jayapal2, 
G. Low2, R. L. Gurung2, B. Banerjee3, T. Kato4, A. Fujimori4, R. 
Okayasu4, M. P. Hande2, 1: National University of Singapore, 
Singapore 2: Department of Physiology, Yong Loo Lin School of 
Medicine, National University of Singapore, Singapore 3: Department 
of Physiology, Yong Loo Lin School of Medicine, National 
University of Singapore and KIIT School of Biotechnology (KSBT), 
Singapore 4: Heavy-Ion Radiobiology Research Group, National 
Institute of Radiological Sciences, Chiba, Japan 
 
Human peripheral blood from three healthy donors was exposed to 
carbon (290MeV/u, LET 70 keV/micron)or iron (500 MeV/u, LET 
200 keV) heavy ions at 0.1, 0.25, 0.5 and 1.0 Gy.  DNA damage, 
chromosomal aberrations and the differential gene expression profile 
following irradiation were studied. Total DNA damage rendered 
following heavy ion irradiation was studied using single cell gel 
electrophoresis (Comet Assay). gH2AX foci detection method was 
followed to assess the levels of double strand breaks due to heavy ion 
irradiation. There was a dose dependent induction of DNA damage 
following heavy ion irradiation.  Gene expression profiling indicated 
changes in the expression of several genes after exposure. However, it 
was observed there was more marked expressional changes based on 
the post-irradiation time rather than between the dose.  Our study 
exhibited a dose dependent increase in the production of both 
micronuclei and chromosome aberrations; it appears that carbon ion 
induces more aberrations than iron ions. Studies are being done to 
investigate the complex chromosome translocations by multi-colour 
fluorescence in situ hybridisation technique. Collectively our results 
indicate that irradiation with low doses of carbon and iron ion induces 
varied molecular and cellular changes including chromosomal 
aberrations. 
The study is supported Defence Innovative Research Programme, 
Defence Science and Technology Agency, Singapore. 
 
POS22-31. Cancer therapy with carbon ions at heavy ion research 
facility in Lanzhou (HIRFL), IMP, China. Hong Zhang1,2,3, Sha Li4, 
Xiaohu Wang 5, Qiang Li1,2,3, Shihua Wei4, Liying Gao5, Weiping 
Zhao1,2,3, Zhengguo Hu1,2,3, Ruishi Mao1,2,3, Hushan Xu1,2,3, Yangjun 
Yue4, Qiuning Zhang5, Juntao Ran 5, Zhongze Tian4, Guoqing 
Xiao1,2,3, Wenlong Zhan1,2,3, 1: Institute of Modern Physics, Chinese 
Academy of Sciences, Lanzhou, China 2: Key Laboratory of Heavy 
Ion Radiation Biology and Medicine of CAS, Lanzhou, China 3: Key 
Laboratory of Heavy Ion Radiation Biology and Medicine of CAS, 
Lanzhou, China 4: The General Hospital of Lanzhou Command, 
Lanzhou, China 5: Tumor Hospital of Gansu Province, Lanzhou, 
China 
  
Between November 2006 to November 2010, 126 patients have been 
treated at the Heavy Ion Research Facility in Lanzhou (HIRFL), IMP, 
collaborating with hospitals.        In the 126 patients, there were 103 
with superficially-placed tumors (skin squamous cell carcinoma, basal 
cell carcinoma, malignant skin melanoma, sarcoma, lymphoma and 
other skin lesions) and 23 with deep-steaded tumors (hepatocellular 
carcinoma, brain tumor, sacrum chordoma, bone and soft-tissue 
sarcomas, head and neck tumors). The majority of patients were with 
failures or recurrences of conventional therapies. There were 75 males 
and 51 females, and median age at the time of radiotherapy was 53.7 
years (range 1–88 years). They received total doses of 40–75 GyE 
with a weekly fractionation of 7 × 3-15 GyE/fraction. Target volume 
was defined by physical palpation, ultrasonography, CT and MRI 
scans. The clinical target volume was defined as the gross total 
volume with a 0.5-1.5 cm margin axially. RBE of 2.5-3 within the 
target volume was used in the trial. Patients had follow-up 
examinations were performed 1 month after treatment, in 3-6 month 
intervals for the first 2 years and annually thereafter. Local control 
rates were estimated according to WHO criteria. Acute and late side 
effects were scored according to the Common Toxicity Criteria 
(CTC). The mean follow-up for patients with superficially-placed 
tumors was 24 months with ranging from 12-36 months. The tumors 
responded very well to the treatment in all patients. Up to 3-6 months, 
majority of tumors disappeared completely or almost. The tumors also 
responded well to carbon ion RT in 23 patients with deep-seated 
tumors. No severe side-effects > CTC grade III have been observed. 
The data demonstrated that demonstrated that heavy ion radiotherapy 
at HIRFL, IMP is clinical effective and safe, especially for patients 
with failures or recurrences of conventional therapies, although the 
follow-up was short. 
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POS23-01. Radioprotective effect of isoflavone and saponin 
against gamma irradiation induced oxidative stress. Amit Kumar 
Dixit, D. Bhatnagar, A. Kumar, School of Biochemistry, Devi Ahilya 
University, India 
 
Ionizing radiation has deleterious effects however, radiotherapy is the 
most common modality in treating human cancers. Soybean 
components such as isoflavone and saponin having effective 
antioxidant activity were selected for evaluating its radioprotective 
effect against gamma irradiation induced oxidative stress. 
Male Wistar rats were orally administered with soybean isoflavone 
(60 mg/Kg b wt) and saponin (100 mg/Kg b wt) for 21 days followed 
by gamma irradiation exposure. Survival studies at 10 Gy and 
endogenous spleen colony forming unit assay (CFU) at 6.0 Gy 
exposures were performed in order to find radioprotective and 
immunomodulatory nature of these compounds. The rat liver 
homogenate and erythrocytes were used to measure lipid peroxidation 
(LPO) and glutathione (GSH) content along with various antioxidant 
enzymes like superoxide dismutase (SOD), catalase (CAT) and 
glutathione-s-transferase (GST) after gamma irradiation exposure at 
2.0 Gy. The hematological examination of blood and histological 
examination of liver were also performed.   
The results showed that pretreatment with soybean isoflavone and 
saponin, prior to gamma irradiation resulted in the increased survival 
rate of the animals as compared to irradiated group. CFU counts in the 
isoflavone and saponin treated group were found significantly high as 
compared to control and irradiated group showing immunomodulatory 
nature of the soy components. Haematological and histological 
parameters improved after pretreatment. Pretreatments also 
significantly reduced the radiation induced LPO and enhanced the 
activity of antioxidant enzymes. The present study suggests that 
soybean isoflavone and saponins have potent antioxidant activity and 
act as probable radio protector against gamma radiation induced 
oxidative damage. 
Key words: Radioprotection, antioxidant, isoflavone, saponin 
 
POS23-02. Stress response of thioredoxin system in highly 
radioresistant insect Spodoptera frugiperda cells. Shashank 
Hambarde, P. Singh, S. Chandna, Institute of Nuclear Medicine and 
Allied Sciences, India 
 
Introduction: Spodoptera frugiperda (order Lepidoptera; class Insecta) 
and a cell line derived from it, Sf9, show remarkable radiation/stress 
resistance, the mechanisms of which are poorly understood. Since 
Lepidopteran organisms are evolutionarily closer to humans than other 
stress resistant organisms, it is considered as an important model for 
delineating the mechanisms of cellular radiation responses. 
Methods: Using in-silico methods and other experimental strategies, 
we studied thioredoxin reductase (Sf-TrxR) and thioredoxin 
peroxidase (Sf-TPx) in Sf9 cells, and also assessed role of its 
structural/ localization status following radiation and chemical stress. 
Results: Using in silico prediction, confocal microscopy and western 
blotting, we first characterized the nature of Sf-TPx and Sf-TrxR. Sf-
TPx1 localized in the cytosol while Sf-TPx2 localized in 
mitochondria/nuclei. Sf-TPx1 and Sf-TrxR expression was 
significantly upregulated on irradiation (500Gy) or etoposide (100μM) 
treatment. Sf9 cells showed extensive resistance to 500Gy, which was 
associated with significant G2/M checkpoint activation and TPx 
dimerization. G2/M checkpoint activation induced by phosphatase 
inhibitor okadaic acid and a specific CDK1 inhibitor roscovitin always 
coincided with dimerization of Sf-TPx (detected using Native PAGE-
WB). At higher radiation doses, a reduced TPx dimerization 
(increased decamerization) status was apparently associated with 
POSTER PRESENTATIONS 
 163 
increased cell death, implying a protective role of Sf-TPx 
dimerization, which is being confirmed with RNA interference. 
Conclusion: This is the first report that delineates the potential role 
and nature of response of thioredoxin system in the radioresistance 
displayed by Lepidopteran insect cells. This study is likely to further 
enhance our understanding of this model insect system, which may 
help improve mankind‘s efforts for developing better methods for 
radioprotection. 
 
POS23-03. Antimutagenic and radioprotective effects of 
oltipraz.  Ashok Kumar1 Aditya Kochar1, Deepali Sharma1, Prerna 
Johari1, Madhu Kumar1, Patrick Prendergast 2, Hiroshi Kimura3 
1: Radiation and Cancer Biology Laboratory, Department of Zoology, 
University of Rajasthan, Jaipur,  India 2: Canopus BioPharma Inc, 
Studio City, USA 3: Department of Molecular Genetics in Medicine, 
Shiga University of Medical Science, Otsu,Shiga, Japan 
  
Oltipraz (OLT), a synthetic dithiolethione , (derived from broccoli) 
possesses potent antioxidant, chemotherapeutic and cancer 
chemopreventive properties. In the present study, Oltipraz (OLT) was 
explored for in vivo radioprotective activity against whole body 
gamma irradiation in Swiss albino mice. Various doses of OLT (viz. 
50, 100, 200, 400, 500 and 800 mg/kg b.wt.), were administered 
orally, 30 minutes prior to 8 Gy irradiation. Radiation toxicity and 
mortality were observed during a period of 30 days and the percentage 
mortality was calculated. Pre-treatment of mice with different doses of 
OLT reduced the symptoms of radiation sickness, delayed the onset of 
mortality and increased the mean survival times (MST‘s). An oral 
dose of OLT 100mg/kg was found to be the most effective dose in 
preventing radiation sickness, reducing mortality and increasing the 
mean survival time. Pre-treatment of mice with OLT 100mg/kg 
provided the best protection as demonstrated by the highest number of 
survivors after 30 days post-irradiation in this group, when compared 
to the other doses of Oltipraz. Administration of OLT alone 
significantly enhanced glutathione (GSH) and decreased lipid 
peroxidation (LPO) levels in testis of Swiss albino mice whereas acid 
phosphatase (ACP) and alkaline phosphatase (ALP) activity did not 
show any significant alteration. Irradiation resulted in significant 
augmentation in LPO level and ACP activity, and decreased GSH 
content and ALP activity. Furthermore, villus height, goblet cells, 
both villus and crypt sections, epithelial cells, mitotic cells and 
pyknotic cells/crypt section in the jejunum were evaluated at different 
autopsy intervals (1, 3, 7, 15 and 30 days) after exposure to 8 Gy of 
gamma radiation. A significant decrease was observed in the villus 
height, goblet cells, epithelial cells and mitotic cells/crypt section, 
whereas pyknotic cells increased significantly after irradiation in the 
control group (irradiation alone). The Oltipraz treated experimental 
group showed significant enhancement in villus height, epithelial 
cells, goblet cells and mitotic cells whereas pyknotic cells showed a 
significant decrease in respect of irradiated control group at each 
autopsy interval. The results of the present study suggest that Oltipraz 
has the capacity to provide protection against gamma radiation 
induced intestinal injury in Swiss albino mice. Oltipraz 100mg/kg 
pretreatment significantly ameliorated the radiation-induced increase 
in LPO levels and ACP activity. Radiation-induced depletion in the 
levels of GSH content and ALP activity was also significantly 
inhibited by OLT pre-administration. Regression analysis of survival 
data yielded LD50/30 as 6.66 and 11 Gy for radiation control and treated 
mice, respectively, and produced a dose reduction factor (DRF) of 
1.65. Oral administration of Oltipraz (100 mg/kg body weight /day) 
before exposure to gamma radiation was found to be effective in 
protecting against the chromosomal damage in bone marrow of Swiss 
albino mice. Animals exposed to 8 Gy gamma radiation showed 
chromosomal aberrations in the form of chromatid breaks, 
chromosome breaks, centric rings, dicentrics, exchanges and acentric 
fragments. There was a significant increase in the frequency of 
aberrant cells at 6 hrs after irradiation. Maximum aberrant cells were 
observed at 12 hr post irradiation autopsy time. Further, the frequency 
of aberrant cells showed a decline at late post-irradiation autopsy time. 
However, in the animals pretreated with Oltipraz, there was a 
significant decrease in the frequency of aberrant cells as compared to 
the irradiated control. There was significant increase in the number of 
micronuclei in the 8 Gy irradiated mice; however, there was 
significant decrease in micronuclei in the animals pretreated with 
oltipraz. Therefore, the present study has implications for the potential 
use of OLT as a radioprotector. 
  
POS23-04. Radiophilia: A tragic phenomenon in diagnostic 
radiology. Hamid Abdollahi, M. Teymuri, Shiraz University of 
Medical Sciences, Iran 
 
Diagnostic radiology is one of the most frequently used method in 
medical imaging that rate of its application is increasing daily. 
Generally  working conditions  in radiology departments seem to be 
normal and risk conception and risk perception about radiation 
protection standards among experts, physicians, radiation 
technologists, patients and public are similar so that all radiation 
safety considerations are respected at all levels. But there are many 
reasons and there is much evidence that not only the importance of 
risk conception and risk perception (not meant to radiophobia) in 
relation to radiation safety and protection issues are ignored, but there 
are insignificancy and incuriosity among people somehow have a 
direct relationship with the radiology as an abnormal behavior of 
individual and organizational that can be called ―radiophilia‖. 
Radiophilia is not a term to describe a phenomenon, but it is an 
inconvenient truth that is not justified any way. The most important 
factors that are causing radiophilia include: lack of knowledge and 
awareness on radiation effects among physicians, lack of knowledge 
and awareness on radiation protection rules, especially 
justification  among physicians, the increasing number of less 
experienced and careless clinicians who request radiography and their 
incorrect diagnosis, the increase of radiography requests to raise the 
income of doctors and centers that do radiography, undermining the 
importance  of ALARA principle among radiation technologists 
because of their low income-demanding job, lack of knowledge and 
awareness on radiation effects among patients and their insistence to 
experience radiography, lack of attention to dose reduction methods 
among radiation technologists, the increase of radiography requests 
for traumatic patients and, hence exposing their relatives to radiation 
due to lack of accessories in the radiography rooms, lack of proper 
performance of local organizations responsible for radiation protection 
and failure to provide, follow up, and implement radiation protection 
rules, lack of proper education and implementation of dose limits 
among physicians and radiation technologists, lack of digital 
equipment and PACS systems in many radiology departments, the 
increase of diseases, especially cancer in all of the world and decrease 
of the importance of radiation effects concerning diseases, lack of 
practical radiation protection training for radiology students, decrease 
in attraction of diagnostic radiology among medical physicists and 
their attitudes toward other newer fields, disremember of radiology 
images as legal and medical documents, lack of attention to image 
quality assessment and patient dose assessment, absence of radiation 
safety officers in diagnostic radiology departments, putting too much 
value on low dose radiobiology phenomena (such as radioadaptive 
response and radiation hormesis) that contradict  LNT assumption for 
risk assessment among some radiation scientists and their impact on 
radiation protection issues, the conservation and high costs of 
radiation protection issues among some radiation scientists. 
 
POS23-05. A Novel Design for Production of Efficient Flexible 
Lead-Free Shields against X-ray Photons in Diagnostic Energy 
Range. Mahmoud Reza Aghamiri1, S. Mortazavi2, M. Mosleh 
Shirazi2, M. Tayebi1, 1: Sahid Beheshti University of Medical 
Sciences, Iran 2: Shiraz University of Medical Sciences, Iran 
 
Background: Lead-based radiation shields are widely used in 
radiology departments to protect both workers and patients from any 
unnecessary exposure to ionizing radiation. Recently there has been a 
great deal of concern expressed about the toxicity of lead. Human lead 
toxicity is well documented. In this light, production of 
environmentally-friendly lead-free radiation shields which provide 
less weight compared to conventional lead-based shields is a 
challenging issue.   
Objective: The aim of this study was to design lead free flexible 
radiation shields for protection against x and gamma rays.   
Methods: In this investigation, a wide variety of metallic compounds 
which potentially could be appropriate radiation shields, were studied. 
The Monte Carlo code MCNP4C was used to model the attenuation of 
x-ray photons in shields with different design. Besides simulation, 
experimental measurements were carried out to assess the attenuation 
properties of each shielding design. On the other hand, major 
mechanical properties of this shield such as tensile strength, modulus 
and elongation at break were investigated.  
Results: Among different metals, tungsten and tin were the two most 
appropriate candidates for making radiation shields in diagnostic 
photon energy range. A combination of tungsten (45%) and Tin (55%) 
POSTER PRESENTATIONS 
 164 
provided the best protection in both simulation and experiments. In 
the next stage, attempts were made to produce appropriate Tungsten-
tin-filled polymers which could be used for production of shielding 
garments. The density of this tungsten-tin-filled polymer was 4.45 g 
cm-3. The MCNP simulation and experimental measurements for 
HVL values of this shield at 100 kVp were 0.346 and 0.296 mm, 
respectively. On the other hand, this novel shield provides 
considerable mechanical properties and is highly resistant to 
chemicals.  
Conclusions: The cost-effective lead-free flexible radiation shield 
produced in this study offers effective radiation protection in 
diagnostic energy range. This environmentally-friendly shield may 
replace the traditional lead-based shielding garments. 
 
POS23-06. Manganese superoxide dismutase-plasmid liposomes 
(MnSOD-PL) and mitochondrial targeted gs-nitroxide, JP4-039, 
decrease irradiation induced lipid peroxidation in murine fetal 
brain glial and neuronal cells. Mark Bernard1, M. E. Bernard2, H. 
Kim2, J. Rwigema2, M. W. Epperly2, E. E. Kelley3, P. Wipf4, H. 
Wang2, J. S. Greenberger2, 1: University of Pittsburgh Cancer 
Institute, USA 2: Department of Radiation Oncology, University of 
Pittsburgh Cancer Institute, USA 3: Department of Anesthesiology 
and Vascular Medicine Institute, University of Pittsburgh, USA 4: 
Department of Chemistry, University of Pittsburgh, USA 
 
Background: Ionizing radiation induces oxidative stress and lipid 
peroxidation. Reduction of lipid hydroperoxides may prevent 
irradiation cell damage. MnSOD-PL and the GS-nitroxide JP4-034 
have shown to be effective radioprotectors in murine organ specific 
and total body irradiation models. We measured the efficacy of 
MnSOD-PL and mitochondrial targeted JP4-039 for radioprotection in 
neuronal-glial fetal brain cultures.Methods: Primary cortical glial and 
neuronal cells were prepared from embryonic day 16 C57BL/6NHsd 
mouse embryos and grown in 6 well plates at 500,000 cells/well. Cells 
were incubated at 37°C and 5% CO2, and grown in media 
supplemented with 10% FBS for  8 - 10 days. Cells were then 
switched to FBS free media during days 9 - 18  to limit glial cell 
proliferation. Mature mixed cortical culture cells were treated with 
either 1μg/ml of MnSOD-PL or 1μg/ml of JP4-039 at 24 hours or 30 
minutes respectively, prior to 5Gy or 10Gy irradiation using a Cs 137 
gamma irradiator. Control groups received 0Gy, 5Gy or 10Gy 
irradiation with no antioxidant treatment. Following irradiation cells 
were assayed for lipid peroxidation by EPR with 4-POBN. Data were 
analyzed using one way analysis of variance followed by Tukey‘s 
range test for multiple pair-wise comparisons, where significance was 
p <0.05.Results: In control irradiated cell cultures, lipid peroxidation 
increased with irradiation dose (EPR 0Gy: 100 ± 11, 5Gy: 152 ± 16, 
10Gy: 484 ± 62). Cell cultures treated with MnSOD-PL but not JP4-
039 prior to 5Gy irradiation showed reduced lipid peroxidation. In 
contrast, both antioxidant treatments (MnSOD-PL or JP4-039) 
significantly reduced lipid peroxidation following 10Gy irradiation 
(MnSOD-PL: 321 ± 33; JP4-039: 403 ± 21 vs. control irradiation: 484 
± 62, p <0.05).Discussion: MnSOD-PL and JP4-039 were effective 
mitigators when added after irradiation to fetal brain cultures. 
Treatment with MnSOD-PL prior to 10Gy irradiation significantly 
reduced lipid peroxidation, while pre-irradiation treatment with JP4-
039 had a less significant effect. The lipid bilayer of liposomes may 
have facilitated targeting of MnSOD-PL into neuronal and glial cells, 
compared to the JP4-039 molecule. Further studies are ongoing to 
optimize delivery of JP4-039 into neural tissue. Acknowledgments: 
Supported by the T32AG21885 of NIH. 
 
POS23-07. Specific formulation of cerium oxide nanoparticles 
ameliorate radiation-induced gastrointestinal syndrome and 
improves survival in mice. Payel Bhanja1, S. Saha1, L. Liu1, S. Das2, 
S. Seal2, C. Guha1, 1: Albert Einstein College of Medicine, USA 2: 
UCF, USA 
 
Purpose: Acute and chronic production of reactive oxygen and 
nitrogen species promotes radiation-induced normal tissue toxicity. 
Several free-radical scavengers have been tested for their ability to 
protect normal tissues. However, toxicity, pharmacokinetics and 
restricted tissue distribution limit the application of these agents. In 
this report we examined the role of surface modified CeO2 
nanoparticles, a stable free radical scavenger, to minimize radiation 
lethality in mice exposed to whole body irradiation (WBI) of 10.4 Gy 
in single fraction. 
Experimental Procedure: C57Bl/6 male mice were treated with 2 
different CeO2 nanoparticles, WB and ME, at a concentration of 
15nM/mice, either 1hr before WBI, or 1hr post-WBI (10.4Gy) to 
evaluate radioprotective and mitigating roles, respectively. Control 
animals received WBI and supportive care. Animal survival was 
analyzed by Kaplan-Meier curves over the period of 30 days. TUNEL, 
H&E and Ki67 staining were performed from paraffin-embedded 
sections of mid-jejunum region of small intestine. Super oxide 
dismutase (SOD) expression in intestinal crypt cells was analyzed by 
immunoblot analysis. 
Results: WBI of 10.4 Gy resulted in 100% lethality within 12 days in 
untreated control animals, possibly from a combination of radiation-
induced intestinal and bone marrow syndrome. Prophylactic treatment 
with CeO2 rescued 100% of the mice from radiation lethality. Post-
radiation treatment with CeO2-WB delayed the mortality of animals 
to 22 days (median survival 9+1.2 days in controls versus 18+1.8 days 
in WBI+CeO2-WB-treated animals, p<0.03) Immunohistological 
analysis demonstrated larger crypt depth, increased villi length and 
reduced apoptotic crypt cells (p<0.003) in CeO2-treated animals, 3.5 
days post-WBI. CeO2 treatment also induced the SOD2 expression in 
intestinal crypt cells. 
Conclusion: Systemic administration of CeO2 nanoparticles improves 
survival in mice exposed to lethal WBI. CeO2 nanoparticles may find 
a role both as a radioportector and mitigator of radiation-induced 
gastrointestinal syndrome. 
 
POS23-08. The European Radiobiological Archives 
ONLINE. Mandy Birschwilks1, P. Schofield2, B. Grosche1, 1: Federal 
Office for Radiation Protection, Germany 2: University of Cambridge, 
UK 
 
Today's research is providing us more and more with the opportunity 
to quantify radiation risks at the individual level. New approaches 
allow the re-analysis of old data using new techniques. Thus, the 
retrospective analysis of earlier studies is an important resource for 
modelling and evaluating risk parameters. The European 
Radiobiology Archives (ERA), together with corresponding Japanese 
and American databases, hold data from nearly all experimental 
animal radiation studies carried out between the 1950s and the 1990s, 
involving more than 460,000 animals. Those large scale 
radiobiological studies are for financial and ethical reasons, to a large 
extent, unrepeatable experiments. They were performed on different 
species with the aim of understanding the effects of irradiation. The 
huge amount of information has led to the requirement for a 
computerised database for primary data, that allow re-analysis, re-
interpretation and re-evaluation of results from, for example, 
carcinogenicity studies, in the light of new knowledge in radiation 
biology. 
The concept of and the work on such a database was started by G. 
Gerber and has now been transferred to a web-based database to 
maximise its usefulness to the scientific community and achieve 
compliance of data coding and structure with currently accepted 
semantic standards for anatomy and pathology. The accuracy of the 
primary data input was assessed and improved. The original rodent 
pathology nomenclature was recoded to Mouse Pathology (MPATH) 
and Mouse Anatomy (MA) ontology terms. A pathology panel 
sampled histopathological slide material and compared the original 
diagnoses with currently accepted diagnostic criteria. The majority of 
the original pathology terms have been translated into a combination 
of MPATH and MA ontology terms. 
ERA is now in a position where it has the potential to become a 
worldwide radiobiological research tool for numerous applications, 
such as the re-analysis of existing data. ERA can be accessed at no 
cost at https://era.bfs.de. Only a password is required which can be 
obtained from the curators. 
A more detailed description is available under: M Birschwilks et al. 
(2011) The European Radiobiological Archives: Online Access to 
Data from Radiobiological Experiments. Radiation Research: April 
2011, Vol. 175, No. 4, pp. 526-531. 
 
POS23-09. STORE – Sustaining access to Tissues and data frOm 
Radiobiological Experiments. Mandy Birschwilks, Federal Office 
for Radiation Protection, Germany 
 
The sharing of data and biomaterials from publicly funded 
experimental radiation science will yield substantial scientific rewards 
through re-analysis and new investigations. To that end, the STORE 
Consortium will create a platform for the storage and dissemination of 
both data and biological materials from past, present and future 
radiobiological research. The project will be completed by an 
assessment of viable financial models for long term support of a 
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bioresource and Data Warehouse for radiobiology. The strategy to 
achieve these goals is multi-level: 1) to provide a ―one-stop-shop‖ 
portal integrating international databases and other repositories 
currently active, such that the user can find material and data held 
remotely; 2) to archive primary (raw) data or pointers to data in public 
databases, from radiobiological experiments and studies; 3) to point to 
physical archives of material resources which are considered to be a 
valuable resource to the Community; 4) to provide the necessary SOPs 
for the evaluation of archived tissue usability. 
Thus, STORE will provide a single online portal to radiobiological 
information that is presently distributed over scientific centres 
worldwide. The final website will help to support and encourage 
enabling and rewarding data sharing for radiobiological and 
epidemiological research. It will establish the basis for long-term use 
and for exchange between scientists from different countries and from 
various fields. It will as well help to minimize animal experiments as 
far as possible by making information available on those experiments 
that have already been conducted. 
This resource will be open to individual investigators and to funding 
agencies as a potential central repository for data sharing. 
 
POS23-10. Construction of a library of 25 full-body male 
numerical models: rationale and results. David Broggio1, J 
Beurrier1, C. Huet2, A. Desbrée1, J. Farah1, D. Franck1 1: Institut de 
Radioprotection et de Sûreté Nucléaire, IRSN/DRPH/SDI/LEDI, 
Fontenay-Aux-Roses, France. 2: Institut de Radioprotection et de 
Sûreté Nucléaire, IRSN/DRPH/SDE/LDRI, Fontenay-Aux-Roses, 
France. 
  
Purpose of the study: A library of 25 full-body adult male voxel 
models covering the following extent: 
- 162  –  200 cm in height, 
- 51 – 147 kg in weight, 
- 16.5 – 45 kg/m² in body mass index, 
has been achieved. Monte Carlo computations in radiation protection, 
radiotherapy, nuclear medicine use numeric 3D models of the human 
body in the voxel format. In the male adult case, even if several voxel 
models of the full human body have been constructed, their body type 
is relatively limited if one simply considers the extent of height and 
weight in the human population.  A set of voxel models representing a 
large extent of these two parameters could be helpful for the study of 
the accuracy, relevance, morphological dependence of calculated 
dosimetric quantities wherever anthropomorphic models are used. 
Materials and methods: Representative body shapes have been 
selected from the European edition of the CAESAR database. Internal 
organs and skeleton have been adapted to these body shapes using 
commercially available 3D models. The 3D modeling work was 
performed with the Rhino3D software using mesh and NURBS 
formats.  The construction process requires the definition of target 
masses for the skin, internal organs, skeleton and the definition of an 
average tissue composition for the remainder tissue. These target 
masses and composition have been made as simple as possible but are 
based on a detailed study of the literature. As compared with other 
work the main advantages of the construction process is the definition 
of prior target values for internal organs and tissues and the use of 
individual body shapes. 
Results: Depending on the model, the full body is defined by 6.2-20 
millions of voxels, which requires 46-102 Mb for storing the full body 
and an air-filled bounding box. The volume resolution is 6-12 
mm3/voxel. Currently 109 organs are included in each model. The 
agreement between target and obtained masses is most of time better 
than 5%. These models and Monte Carlo calculations enable to 
quantify the variation of relevant quantities used in radiation 
protection with body type. Such calculations have been undertaken for 
specific absorbed fractions, fluence to dose conversion factors and 
numerical calibration of in vivo counting systems 
 
POS23-11. A critical role for TLR4 in basal radio-
resistance.  Jianming Cai1, Cong Liu1, R.E.J. Mitchel2, Bailong Li1, 
Jing Lin1, Luqian Zhao, Fu Gao1 1: Department of Radiation 
Medicine, Faculty of Naval Medicine, Second Military Medical 
University, Shanghai, China. 2: Radiation Protection Research and 
Instrumentation Branch, Atomic Energy of Canada Limited, Chalk 
River Laboratories, Chalk River, Canada. 
  
Toll-like receptor 4 (TLR4) is known to play a critical role in innate 
and acquired immunity, but its role in basal radio-resistance has not 
been investigated. We examined C57BL/10ScNJ TLR4 deficient mice 
and showed that they were more susceptible to radiation induced 
mortality and morbidity than TLR4 normal mice. Mortality after 
radiation exposure was associated with a severe and persistent bone 
marrow cell loss and assays indicated that TLR4 protected against 
radiation induced bone marrow apoptosis. Injection of LPS into 
normal mice, known to activate TLR4 in vivo, induced radio-
resistance. Conversely, we found that In vivo depletion of TLR4 
ligands induced severe morbidity in irradiated TLR4 normal mice, 
which mimicked TLR4 deficient mice, Further data indicated that 
Myd88, but not TRIF, may be the important adaptor in TLR4 induced 
radio-resistance. Taken together, these data strongly suggest that 
TLR4 plays a critical role in basal radio-resistance. 
 
POS23-12. Effects of chelator BPCBG on removing uranium and 
preventing uranium-induced renal cell damage in vivo and in 
vitro. Honghong Chen, Y. Bao, D. Wang, Y. Hu, A. Xu, M. Sun, 
Institute of Radiation Medicine, Fudan University, Shanghai, China 
 
The aims of this study are to assess the effects of N,N’-1,2-
ethanediylbis[N-[(2,3-dihydroxyphenyl)methyl]]-glycine (BPCBG) on 
removing uranium(Ⅵ) (U) from rats and HK-2 renal proximal tubular 
epithelial cells and protecting HK-2 cells from U(Ⅵ)-induced 
damage. BPCBG (120μmol/kg) was injected intramuscularly to male 
SD rats immediately after a single intraperitoneal injection of 
0.5mg/kg of uranyl acetate dihydrate. Twenty-four hours later 
uranium in urine, kidneys and femurs were quantitated by inductively 
coupled plasma mass spectrometry (ICP-MS). After HK-2 cells were 
exposed to different doses of uranyl acetate dihydrate immediately or 
for 24h followed by different doses of BPCBG treatment for another 
24h or 48h, the uranium in HK-2 cells were measured by ICP-MS, 
micronuclei formation in HK-2 cells was detected by the cytokinesis-
block technique, the cell survival was assayed by cell counting kit-8 
assay, and the production of intracellular reactive oxygen species 
(ROS) was assayed by 2‘,7‘-dichlorofluorescin diacetate (DCFH-DA) 
oxidation. DTPA-CaNa3 was used for control medication. The results 
showed that 120 μmol/kg BPCBG treatment immediately after U(Ⅵ) 
injection significantly increased the amount of the first 24h urinary U(
Ⅵ) excretion and decreased the amount of U(Ⅵ) retention in kidney 
and bone compared with normal saline (NS) or DTPA-
CaNa3 treatment. After HK-2 cells that had been pre-treated with 
U(VI) for 24h were treated with the chelators for another 24h, 
significant more intracellular U(VI) was mobilized by 10-250μmol/L 
of BPCBG than by NS. Furthermore, treatment of U(Ⅵ)-treated HK-2 
cells with BPCBG significantly enhanced the cell survival, decreased 
the micronuclei formation and inhibited the production of intracellular 
ROS. In contrast, although DTPA-CaNa3 markedly reduced the 
uranium retention in kidney of rats and HK-2 cells, it was lower than 
that of BPCBG and couldn‘t prevent U(Ⅵ)-induced renal cell damage. 
It can be concluded that BPCBG could effectively decorporate the 
uranium from U(Ⅵ)-treated rats and U(Ⅵ)-treated HK-2 cells with a 
better efficacy than DTPA-CaNa3. Moreover, BPCBG protected HK-2 
cells from U(Ⅵ)-induced damage possibly through scavenging the U(
Ⅵ)-induced intracellular ROS. 
Acknowledgements: This study was supported by grant 30970870 
from the National Nature Science Foundation of China. 
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POS23-13. Assessment of internal dose for nuclear medicine 
workers handling I-131.Woon Kap Cho, W. Cho, Korea Institute of 
Nuclear Safety(KINS), South Korea 
 
As a feasibility study for safety regulation of internal exposure of non-
nuclear facility workers, assessment of internal dose for nuclear 
medicine workers handling I-131 were performed. Considering the 
amount of use and the dose coefficient, I-131 is expected to give the 
largest exposure to radiation workers in medical fields. Total number 
of 306 measured data by thyroid uptake monitoring method was 
obtained from 76 workers and it was evaluated that about 8% of 
workers were certain to be exposed during the dispensing work of I-
131. More than 300 urine samples from the nuclear medicine workers 
were measured and analyzed using NaI (Tl) scintillation detector. 
Measured data showed that 4.7% of urine sample activities were over 
the MDA value and this value was increased to 8.8% when the I-131 
dispensing workers were considered only. The measured I-131 
activities from the urine sample were analyzed by internal exposure 
evaluation program to estimate the resulting committed effective 
doses. The mean value of estimated committed effective dose of I-131 
dispensing workers was 0.854 mSv and the range of committed 
effective dose was from 0.039 to 6.73 mSv. Committed effective dose 
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of two persons from twenty six I-131 dispensing workers was over 2 
mSv which is the limit of annual dose for regulatory management of 
internal exposure. Although some workers were exposed from I-131, 
the number of exposed workers was small considering the total 
number of radiation workers in nuclear medicine sector and the 
estimated committed effective doses were generally low. It is not 
necessary to introduce strict regulatory measures to control the 
internal exposure of all non-nuclear facility workers, but carefully 
designed control of internal exposure is required for nuclear medicine 
workers involved in dispensing works of I-131. 
 
POS23-14. Life cycle of unicell Chlamydomonas in different 
radon aerosols concentrations. Daniela Ciorba1, C. Garbo1, C. 
Cuceu2, C. Cosma1, 1: Environment Science Faculty, Babes-Bolyai 
University, Cluj-Napoca, Romania, 2: Institut of Cell and Molecular 
Radiobiology, IRSN, Paris, France 
 
The radioactive noble gas radon and its airborne progenies are 
considered to be the most important dose contributors to natural 
radiation. We used thermal water with a radon concentration of 30 
Bq/l for generating the radon aerosols inside of one original system. 
The aerosol‘s radioactivity was monitored using the nuclear alpha 
track detectors. The green algae from group of Chlorophyta have a 
great resistance to higher radiation doses. Life cycle of unicell 
Chlamydomonas Peterfii Gerloff was assessed for two worst 
scenarios: 500 Bq/m3 and 1000 Bq/m3 using different cytotoxicity end 
point. The decrease of surviving rate was observed, according with the 
irradiation doses. Our results should be used for study of 
occupationally exposure in thermal area. 
Key words: green algae, radon aerosols, life cycle assessment 
 
POS23-15 Geospatial analysis of 137Cs measured in soil from the 
―Black Rain‖ area of Hiroshima. Harry Cullings, H. M. Cullings, 
Radiation Effects Research Foundation, Japan 
 
In 1976 and 1978 soil samples were collected at ~107 locations at 
distances up to 30 km from the hypocenter of the Hiroshima atomic 
bomb, including an area where intense rainfall occurred shortly after 
the bombing, to measure radioisotopes such as 137Cs for the purpose of 
detecting any remaining local radioactive fallout. The lack of any 
obvious pattern in these measurements that might correspond to local 
fallout from the Hiroshima bomb has been a source of scientific 
curiosity over the years. Much has been learned in the past 35 years 
about the behavior of such radioactive materials in the environment 
and the interferences caused by worldwide (―global‖) deposition of 
radioactive fallout from testing of nuclear weapons in the 1950s and 
1960s. However, analysis of these data to detect spatial patterns 
remains a challenging problem. The 137Cs in soil from global fallout is 
large and more recent than any that could remain from the Hiroshima 
bomb. Because there are so many variables that affect the retention 
and migration of the deposited radioactivity in soil, there is large 
variation in the measurements from place to place, which has a spatial 
structure. Even if the average concentration of 137Cs in rainfall since 
1945 were constant across the sampled areas of Hiroshima and were 
due only to global fallout, measured values of samples from sites that 
are closer together are more alike than those that are further apart, due 
to variables with spatial structure that are not available to model. To 
be valid a statistical analysis must consider the resulting ―spatial 
autorcorrelation‖ in the data. Although an exploratory analysis, 
including modeling of the effect of local variations in rainfall on 
deposition of global fallout, does not suggest a pattern consistent with 
local radioactive fallout from the Hiroshima bomb, an important 
question that remains is how large such a deposition would have to 
have been to be evident given the noise of accumulated global fallout. 
 
POS23-16. ON1210.Na induces SLUG pathway to mitigate 
radiation-induced hematopoetic toxicity in mice. Kamal Datta1, S. 
Suman1, R. Kumar2, M. Maniar2, A. J. Fornace Jr.1, 1: Georgetown 
University, USA 2: Onconova Therapeutics, USA 
 
Introduction: Unpredictable radiation exposure could occur due to 
either accident or terrorism related intentional incidents. Therefore, 
developing agents, which could block or minimize radiation toxicity 
after exposure is essential. Radiation at doses <8 Gy predominantly 
affects hematopoetic cells especially the bone marrow cells. Thus 
mitigators of radiation damages to the hematopoetic cells could be a 
life saving intervention. This study evaluates effectiveness of a new 
small molecule, ON1210.Na, as a mitigator of radiation toxicity in 
hematopoetic cells. 
Methods: Two doses of ON1210.Na (500 mg/Kg) were administered 
by subcutaneous route to 6-8 weeks old male C3H/Hen mice (n=14) at 
24h and 36h after 7.5 Gy of radiation from a 137-Cs source. Vehicle 
group received equal volume of the vehicle solution. Survival was 
monitored for 30 days. Hematopoetic system was studied in these 
mice (n=5) after a sub-lethal dose of 5 Gy while keeping drug dosing 
the same. Complete peripheral blood count was performed along with 
bone marrow granulocyte-macrophage colony forming unit (GM-
CFU), TUNEL assay, western blot, and Q-PCR analysis. 
Results: Significant (p<0.003 compared to vehicle) survival advantage 
(80% with drug and 20% with vehicle) was observed after 7.5 Gy 
radiation. Peripheral white blood cell and platelet counts were higher 
in ON1210.Na than vehicle treated mice. Increased GM-CFU along 
with reduced TUNEL positive cells in spleen and bone marrow were 
observed in drug treated mice. At the molecular level we observed 
downregulation of p53, Bax, p21, and PUMA and upregulation of 
SLUG, Mn-SOD, Bcl2, and NFkB in bone marrow cells. 
Conclusions: In conclusion, ON1210.Na administered at 24h and 36h 
post-irradiation could significantly mitigate the radiation toxicity 
leading to enhanced survival. Quantitative hematopoetic data 
evidently supports our survival results. Molecular pathway analysis 
indicates involvement of SLUG, a known hematopoetic stem cell 
survival factor, in ON1210.Na mediated radiation mitigation. 
Furthermore, ON1210.Na caused diminution of apoptotic and 
boosting of survival signals to reinforce mitigation effects. 
 
POS23-17. Measurements and Monte Carlo computations of 
americium counting efficiency in the case of a realistic leg 
phantom. Didier Franck1, D. Broggio1, K. Capello2, E. Cardenas-
Mendez2, N. El-Faramawy3 , A.C. James4, G.H. Kramer2, G. 
Lacerenza5, M.A. Lopez5, T.P. Lynch6, J.F. Navarro5, T. Navarro5, B. 
Perez5,  W. Rühm3, E. Weitzenegger3. 1: Institut de Radioprotection et 
de Sûreté Nucléaire,  DRPH/SDI/LEDI, Fontenay-aux-Roses Cedex, 
France. 2: Human Monitoring Laboratory, Radiation Surveillance and 
Heath Assessment Division,    Radiation Protection Bureau, Ottawa, 
Canada 3: Helmholtz Zentrum München, German Research Center for 
Environmental Health, Institute of Radiation Protection, Neuherberg, 
Germany 4: U.S. Transuranium and Uranium Registries, College of 
Pharmacy, Washington State University, Richland, USA 5: CIEMAT, 
Centro de Investigaciones Energeticas Medioambientales y 
Tecnologicas, Madrid, Spain 6: Pacific Northwest National 
Laboratory, Richland, USA 
 
Some actinides like Americium are bone-seekers, according to their 
biokinetics they are retained in the skeleton after an intake. Because of 
the radiosensitivity of some bone cells, the assessment of the bone 
activity is thus important. In vivo counting of bone seekers is usually 
performed at the skull or at the knee. The USTUR (U.S. Transuranium 
and Uranium Registries) disposes of a unique physical phantom 
containing the half of the skeleton of a donor significantly 
contaminated by 241Am. The left leg phantom, containing bones 
embedded in muscle equivalent plastic, has an activity of 1026 Bq. 
This phantom was measured in three European in vivo facilities and 
one Canadian laboratory; Monte Carlo (MC) simulations were also 
performed to assess the reliability of numerical calibration based on 
voxel phantoms. 
Experimental considerations: Using different Germanium detectors 
the same efficiency pattern was found by participants, when counting 
positions were comparable. A sharp increase of counting efficiency is 
found at the patella level, about 10 times higher than at other 
locations, at this level a 5 cm displacement of detectors can result in 
50% change in efficiency. From these measurements it is 
recommended to use counting positions where the efficiency might be 
low but where its variation with the measurement position is limited.  
Computational considerations: Two voxel phantoms of the USTUR 
leg were built. A first one was build after acquisition of 234 CT scan 
images, the other one was built from the CT scans available at the 
USTUR website. The second one was built with greater details 
regarding the delineation of the different bone parts. 
The two voxel models were used to reproduce the experiments carried 
out in one of the lab. Agreement, better than 5%, was found between 
MC and experimental data. Only the first voxel model was used to 
simulate the experiments in a second lab. Here, despite the trend of the 
efficiency pattern is reproduced by MC simulations, discrepancies 
larger than 50% have been found for some measurements. 
In the two simulations, a precise activity distribution was taken into 
account. Models of the detectors were validated in both cases. It is 
concluded than the uncertainty in detector positioning was the biggest 
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source of uncertainty and that it seriously affected MC results in the 
second case. 
 
POS23-18. Radiation exposure to eye lens and extremities of staff 
working in interventional radiology. Joanna Domienik, The Nofer 
Institute of Occupational Medicine, Lodz, Poland 
 
Interventional radiology has been rapidly developing subspecialty of 
medicine. Since its beginnings in 1970s the complexity of procedures 
has increased and the number of procedures performed continues to 
grow every year. For the medical staff in interventional radiology, 
these facts might result in relatively high occupational radiation doses. 
The aim of the study was to determined the level of exposure to eye 
lens and extremities of physicians working in interventional radiology. 
As a consequence the annual doses received by particular individual 
were estimated and checked against the possibility of  exceeding the 
appropriate occupational dose limits. 
The study was conducted in two hospitals where interventional 
radiology procedures are performed. In total, the data from 74 
procedures were analyzed. The measurement points were chosen as 
follows: one dosimeter was located on each ring finger, wrist, leg (few 
centimeters below the lead apron) and one next to the left eye and in 
the region between eyes. The doses were measured in terms of dose 
equivalent Hp(0.07) using thermoluminescence dosimeters (MCP-N). 
The highest doses per procedure to the operator were registered on the 
left wrist (average 0.506 mSv and maximum 9.506 mSv) and the left 
ring finger (average 0.366 mSv and maximum 2.887 mSv) while the 
lowest on the eye (average 0.120 mSv and maximum 0,759 mSv) and 
the leg (average 0.084 mSv and maximum 0.902 mSv). The utilized 
radiation expressed in kerma – area product (KAP) values ranged 
from 471 mGym2 up to 358110 mGym2. The information on the 
radiation protection measures and work practices (like leaving the 
operational room during cine mode) were collected and its influence 
on the doses was also analyzed. 
The annual doses, estimated on the basis of average doses and the 
workload, does not exceed the actual annual limits. However, in the 
light of possible lowering the occupational limit for the lens of the eye 
up to 20 mSv in a year as recommended by ICRP (‗Statement on 
tissue reaction‘, ICRP ref 4825-3093-1464) the monitoring of the eye 
lens might be very important. 
 
POS23-19. Lung cancer mortality (1950-1999) among Eldorado 
uranium workers: A comparison of the results of the two-stage 
clonal expansion model of carcinogenesis and empirical excess 
risk models. Markus Eidemueller1, P. Jacob1 R. Lane2, S. Frost3, L. 
Zablotska4, 1: Helmholtz Zentrum, Muenchen, Germany 2: Canadian 
Nuclear Safety Commision, Canada 3: Frost&Frost Consultants, 
Saskatoon, Canada 4: Department of Epidemiology and Biostatistics, 
San Francisco, USA 
 
Lung cancer mortality risk after radon exposure among 17,660 
Eldorado uranium workers is analyzed with models of carcinogenesis 
and empirical models. The workers were first employed in 1932-1980 
in the Beaverlodge and Port Radium uranium mines and the radium 
and uranium refinery and processing facility in Port Hope, Canada, 
and followed up for mortality from 1950 through 1999. A total of 618 
lung cancer deaths was observed. The analysis is performed by means 
of the biologically based two-stage clonal expansion (TSCE) model 
and empirical excess risk models. Under the assumptions of the TSCE 
model, there is a strong indication that the spontaneous clonal 
expansion rate of premalignant cells is reduced at ages above about 60 
years. Analysis of radiation-related risks shows that the principal 
effect for lung cancer is an increase of the clonal expansion rate of 
premalignant cells with the exposure rate. However, this increase is 
not linear as the clonal expansion rate increases strongly for low 
exposure rates and then becomes linear with a smaller slope at higher 
exposure rates. A possible explanation for this observation could be a 
bystander efect. In addition, a BEIR VI model and a parametric excess 
relative risk model linear in radon decay product exposure with 
attained age, time since exposure and dose rate as effect modifiers are 
investigated. The predictions of the excess relative risk from the 
different models are compared for different exposure scenarios. The 
dependence of lung cancer risk on exposure and the effect modifiers is 
studied and the uncertainty due to the use of different models is 
investigated. 
 
POS23-20. Mitigation of ―Radiation Combined Injury‖ (RCI) by 
interleukin-12 . Dolph Ellefson1, T. Gallaher1, Z. Gluzman-Poltorak1, 
J. Miller2, L. Basile3, 1: Neumedicines, Inc, USA 2: University of 
Southern California, USA 3: Neumedicines, Inc., USA 
 
We have established that the murine form of HemaMaxTM (rHuIL-12) 
can mitigate combined injury in irradiated mice.  HemaMaxTM is 
currently in advanced development (IND #104091) as a potent 
mitigator of acute radiation syndrome, enhances survival by 
stimulation of hematopoietic reconstitution following exposure to 
myeloablative lethal radiation. Radiation exposure resulting from the 
detonation of a nuclear device in a populated area would be expected 
to be accompanied by secondary trauma (wounds, infection, burns, 
blunt force trauma) from heat and flying debris.  Numerous 
researchers have demonstrated that radiation exposure can severely 
impair healing of cutaneous wounds.  Radiation-induced impairment 
of wound repair would complicate treatment of casualties by 
lengthening the time to wound resolution, exposing affected 
individuals to infectious agents rendered opportunistic by the presence 
open wounds and radiation-mediated immunosuppression.  In a 
murine model of combined injury, we exposed mice to 500cGy of 
total body irradiation and after exposure, induced a 1.0 cm full-
thickness cutaneous injury.  Topical administration of rMuIL-12 (at 
doses 100-3160ng/mL) 2-24hrs after exposure dramatically enhanced 
the rate of wound closure relative to vehicle-treated male and female 
controls.  rMuIL-12 also ameliorates the differential response 
observed in wound healing rates between male and female mice 
subjected to a combined injury. Histological examination of rMuIL-
12-treated full-thickness wounds from irradiated female and male 
mice demonstrates that these wounds often display an advanced level 
of remodeling relative to the vehicle-treated controls.  The epidermal 
layer of animals treated with low-dose rMuIL-12, is composed of 
columnar, cuboidal, and squamous cells and multiple layers of 
stratified keratin.  In addition, many rMuIL-12-treated wounds 
demonstrate advanced tertiary development as evidenced by the 
presence of sebaceous glands and hair follicles within the newly 
developed epidermis/dermis within the wound area. This data, as well 
as other data, suggest that IL-12 could serve as a multifunctional 
mitigation drug against radiation combined injury thereby enhancing 
survival and accelerating recovery from trauma in exposed 
individuals. 
 
POS23-21. Senescence accelerated mice (SAMP6) slower bone 
wound healing following irradiation. Michael Epperly1, M. W. 
Epperly2, R. P. O‘Sullivan3, S. Cao2, T. Dixon2, J. P. Goff2, J. 
Glowacki3, J. S. Greenberger2, 1: University of Pittsburgh Hillman 
Cancer Center, USA 2: Department of Radiation Oncology, 
University of Pittsburgh Cancer Institute, Pittsburgh, USA 3: 
Department of Orthopedic Surgery, Brigham and Women‘s Hospital, 
Harvard Medical School, Boston, USA 
 
Introduction: The senescence accelerated mouse (SAMP6) ages more 
rapidly, develops osteoporosis at an earlier age, and is an ideal model 
to investigate skeletal aging.  The bone defect has been attributed to 
reduced osteoblast differentiation capacity of SamP6 bone marrow 
stromal cells.  We compared in vitro hematopoiesis, stromal cell 
biology, and osteoblastogenesis in marrow from SAMP6 and control 
SAMR1 mice.  In vivo studies compared irradiation effects on 
unicortical tibial bone wound healing. 
Methods and Materials: Long term bone marrow cultures (LTBMCs) 
were established from the SAMP6 and control SAMR1 mice to 
measure hematopoiesis and establishment of bone marrow stromal cell 
lines (MSCLs).  Osteoblastogenesis was determined by growing the 
MSCLs in osteoblastogenic media and extracting RNA at intervals for 
expression of osteoblast markers Runx 2, alkaline phosphatase (ALP), 
and Osteocalcin (OC).  The model of bone repair entails irradiating 
the proximal region of the right rear leg to 20 Gy and, 24 hours later, 
drilling a 2 mm wound in both proximal tibias.  At day 21 or 35 after 
drilling, subgroups of mice were sacrificed and wound healing 
determined by X-ray.  
Results: LTBMCs demonstrated that initially, for the first 24 weeks, 
SAMP6 mice had greater hematopoiesis compared with SAMR1, 
measured by greater stem cell activity with more cobblestone islands 
(sites of stem cell activity) and Day 14 multilineage hemapoietic 
colonies in nonadherent cells transferred to semisolid medium.  After 
24 weeks, however,  hematopoiesis ceased in SAMP6 cultures but 
continued in the SAMR1 cultures for 40 weeks.  There was 
unexpected constitutive expression of ALP and OC in SAMP6 
MSCLs in basal medium compared with SAMR1 MSCLs.   In 
osteoblastogenic medium, there was greater Runx 2, ALP, and OC 
expression in the SAMP6 cell line compared to the SAMR1 cell line. 
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At day 21 after unicortical tibial wounding, wounds were significantly 
larger in irradiated tibias compared to nonirradiated in both SAMP6 
and SAMR1 mice (p = 0.0240 or 0.0015, respectively).  By day 35 
SAMP6 mice still showed significantly larger wound size in irradiated 
compared to nonirradiated tibias (p = 0.0003), whereas all wounds in 
SAMR1 mice were essentially healed.   
Conclusion:  Accelerated aging in the SAMP6 mice is reflected in 
decreased duration of hematopoiesis in LTBMCs, and poorer bone 
wound healing following irradiation. 
Acknowledgement: This project was supported by U191A168021-06 
from NIH/NIAID. 
 
POS23-22. Reference radiation for cosmic rays in RBE 
research. Shaoyong Feng, Texas A&M University, USA 
 
When astronauts travel in space, they are exposed to high energy 
cosmic radiations. The cosmic ray spectrum contains very high energy 
particles, generally up to several GeV per nucleon. Currently NASA is 
funding research on the effects, such as acute radiation sickness, of 
cosmic radiation. Animal models are used to conduct the studies of 
radiation effects of particles in the range of several MeV/nucleon to 
about 1000 MeV/nucleon. In order to compare different radiations, the 
biological effectiveness relative to a specific radiation is usually used. 
For low energy heavy ions and neutrons 250 keV photons are usually 
used for the reference radiation, but their depth dose distribution is 
very different from that for cosmic rays. In this research, the 
advantages of using high energy electrons as the reference radiation 
for research on cosmic radiation were demonstrated. The conclusion is 
based on the evaluation of the dose distributions and microdosimetric 
spectra of the electrons and high energy protons as a function of depth 
in a tissue equivalent absorber as determined by Geant4 simulation 
 
POS23-23. Simulation of radiation of Special Nuclear 
Material. Jianhua Feng, F. Wang, S. Wang, X. Tian, Solid Dosimetric 
Detector and Method Laboratory, China 
 
Special Nuclear Material (SNM) has very important significance in 
the stratagem for a country‘s safety. Every country pays more 
attention to the safety of SNM. But, illicit trafficking of SNM is very 
serious recently. It will result in serious threaten to safety of society. 
At the present time, the method of detecting illicit trafficking is not 
enough, so it is important to research into the method of detecting 
SNM, while study of radiation of special nuclear material is the basis. 
Special nuclear material (SNM) is defined by Title I of the Atomic 
Energy Act of 1954 as Plutonium, Uranium-233, or Uranium enriched 
in the isotopes Uranium-233 or Uranium-235. SNM mainly include 
nuclides such as Uranium-233, Uranium-235, Uranium-238, 
Plutonium-249， Plutonium-240，etc. Here, the categories of SNM 
and characteristics of gamma and neutron radiation for SNM are 
described. 
We have simulated the radiation of SNM by means of Mote-Carlo 
computer program (MCNP-4C). SNM include too many isotopes and 
descendants, so it is difficult to calculate everyone. The mode has 
been simplified through study of decay chain of isotopes. Uranium-
235, Uranium-238, Thorium-231, Thorium-234 and protactinium-
234m are calculated in the simulation of Uranium. Plutonium-249 and 
Plutonium-240 are calculated in the simulation of Plutonium. It is 
supposed that all isotopes and descendants have reached to balance. A 
kind of Uranium (93%Uranium-235, 7%Uranium-238) and Plutonium 
(93% of Plutonium-249, 7% of Plutonium-240) have been simulated 
with the mode，so the distribution of fluent rate and dose rate can be 
obtained. 
 
POS23-24. Unjustified exposure by radioactive consumer 
products. Etsuko Furuta, Ochanomizu University, Japan 
 
Introduction; Many radioactive consumer products (RCP) that 
radioactive materials were added intentionally, for example cosmetics 
and personal jewelry, are sold in the current market of Japan and some 
part of Asia. The purposes of this study are to analyze their 
radioactive concentration and to estimate exposure doses from the 
normal use of them. Furthermore, a discussion on the justification of 
the existence of RCP was aimed for in this study. 
Experimental procedures; Samples were 28 kinds of RCP sold in 
Japan and Korea. The gamma-ray spectrometry of the samples was 
performed by using a HPGe detector, a multi-channel analyzer and an 
analysis software of LabSOCS (CANBERRA).  Estimation of external 
radiation exposure by the RCP was calculated by using the equations 
mentioned in the ―NORM guideline‖ regulated by Japanese 
Government. Also radon concentration emitted from 3 samples was 
measured by using a scintillation Lucas cell or a pico rad. Estimation 
of internal radiation exposure was calculated from the radon 
concentration.   
Results; The concentrations of 232Th and 238U added in RCP were 
extremely different among products; from 0.1 ppm to 32% of 232Th 
and from 0.8 ppm to 1.7% of 238U. Both of the concentration and the 
amount of radioactive materials were less than Japanese regulation 
limit values, so all of them were defined as ―RCP‖. All the external 
exposures were low enough to be  not worried about health risks from 
the RCP because their exposure doses were under 1 mSv y-1 at their 
normal use. However, the concentrations of Rn emitted from the 3 
kinds of RCP were not low. When the pillow of RCP used every day 
in a small room (25 m3), the internal exposure was estimated almost 6 
mSv per year. Furthermore, it is considered that there are risks of 
internal exposure when use the toiletries and cosmetics of RCP. 
Conclusions; In some cases, the internal exposure might be high by 
using the RCP sold in current markets, and every one can buy the RCP 
through the Internet. Justification is the most important thought for 
RCP. So it is considered that a regulation unified at world level is 
necessary for commercially-available RCP from all over the world. 
 
POS23-25. Mitigation of lung fibrosis in rats by enalapril started 
35 days after irradiation. Feng Gao, J. Narayanan, B. Fish, J. 
Moulder, E. Jacobs, M. Medhora, Medical College of Wisconsin, 
USA 
 
Introduction: There are two phases of lung injury after radiation, acute 
pneumonitis after 42-70 days and irreversible fibrosis starting months 
to years later. The lung is therefore a target of injury after a radiation 
accident or terrorism event.  We have demonstrated that ACE 
inhibitors including enalapril at 40 but not 20 mg/L in drinking water 
(40 mg/L=18-28 mg/m2/day) reduces collagen synthesis (a marker of 
fibrosis) in rat lungs at 7 months after irradiation. The drugs were 
started 7 days after radiation.  
Aim: Our goal is to find the latest start time and optimal dose of 
enalapril to mitigate radiation fibrosis in a terrorism-relevant model. 
Experimental procedures: Wistar female rats (WAG/RijCmcr, 8-10 
weeks of age) were treated with a single dose of 13 Gy of X-
irradiation to the thorax, at a dose rate of 1.43 Gy/min.  Animal care 
and dosimetry was done by Core facilities at MCW. One group of 
age-matched unirradiated animals was kept under identical conditions 
to serve as controls. Radiated rats were randomized into groups that 
were untreated or treated with enalapril at 30mg/L (low dose) or 
60mg/L (high dose) starting at 35 days (just before pneumonitis), 70 
days (after pneumonitis), 105 days or 140 days (after pneumonitis but 
before fibrosis). Breathing rates were measured throughout the 
experiment while newly synthesized lung collagen content was 
measured at 7 months after irradiation using the Sircol assay.  
Summary of results: Enalapril (low and high dose) started at 35 days 
improved survival through pneumonitis.  Enalapril 60mg/L but not 
30mg/L started at 35 days mitigated the increase in collagen synthesis 
in the lung.  Enalapril started later than 35 days did not improve lung 
collagen content at 7 months after radiation. 
Conclusions: We show that enalapril, even if started up to 35 days 
after radiation mitigates morbidity and improves survival through 
pneumonitis.  At the high dose it also mitigates radiation 
fibrosis.  This large window of time is to our knowledge the longest 
interval for intervention with mitigators of lung injury in a model 
relevant to a mass casualty event. 
Funding: This work was funded by NIH (USA) NIAID RC1 AI 
81294, 81294-01S1 and U19-AI-67734. 
 
POS23-26. Prophylactic and therapeutic efficacy of a solution 
formulation of ON 01210.Na (Ex-RAD®) after total body 
irradiation in mice. Sanchita Ghosh1, S. Kulkarni1, K. Chakraborty1, 
K. Hieber1, R. Pessu1, E. D. Lombardini1, M. M. Maniar2, K. Sree 
Kumar1, 1: AFRRI, USA 2: Onconova Therapeutics Inc., USA 
 
ON 01210.Na (Ex-RAD®), a novel small molecule kinase inhibitor, 
significantly protected mice against lethal gamma irradiation when 
administered subcutaneously (SC) 24 h and 15 min before irradiation 
at a dose of 500 mg/kg of body weight. The suspension formulation of 
Ex-RAD induced increases in GM-CFU (granulocyte macrophage 
colony forming unit) colony and regeneration of gastrointestinal (GI) 
crypt cells post-irradiation, and prevented mice from radiation-
induced cytopenia. We have investigated radioprotective efficacy 
(both prophylactic and therapeutic) with a solution formulation in 
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male C3H/HeN mice.  Ex-RAD (500 mg/kg) improved survival by 
60% compared to vehicle in mice irradiated to 8 Gy when 
administered SC 24 h and 15 min prior to irradiation. When mice were 
irradiated (8 Gy, 0.6 Gy/min) and treated with Ex-RAD (500 mg/kg) 
SC 4 and 24 h after total body irradiation (TBI), 50% improved 
survival was observed. Ex-RAD-treated irradiated animals maintained 
higher numbers of CFUs in bone marrow harvested from sublethally 
irradiated mice (6 Gy), indicating increased self renewing capacity of 
hematopoietic stem cells (HSCs).  Histopathology of sternal bone 
marrow indicated more regenerative microfoci for myeloid, erythroid 
and megacaryocytes and higher overall cellularity in Ex-RAD-treated 
mice compared to vehicle controls at days 7 and 14 after TBI (6 Gy). 
Our results demonstrate that the solution formulation of Ex-RAD 
shows efficacy given SC either before or after radiation.  Ex-RAD 
treatment also protected hematopoietic tissue by preserving HSCs and 
hematopoietic progenitor cells (HPCs). 
This work was supported by congressional grant # HU0001-09-C-
0007.  
 
POS23-27. Protection against gamma radiation by Alstonia 
scholaris (a medicinal plant) bark extract. Pradeep Goyal, S. Jahan, 
A. Agrawal, Radiation & Cancer Biology laboratory, Department of 
Zoology, University of Rajasthan, India 
 
The development of radio protective agents has been the subject to 
intense research in view of their potential for the use within a radiation 
environment, however, no ideal , safe radioprotectors are available till 
- date, so the search for alternative sources, including plants, has been 
ongoing. Alstonia scholaris(Saptparna) tree has been used 
traditionally for curing various disorders among the people for time 
immemorial. Its common use, wide acceptability, diverse 
pharmacological and anti oxidative properties aroused our interest to 
obtain insight into the radiomodulatory effect of such pant extract 
against gamma exposure. 
Oral administration of aqueous extract of of Alstonia scholaris bark 
(100 mg/kg b. wt. /day) to Swiss albino mice for 5 consecutive days, 
half an hour before whole- body exposure to lethal gamma radiation, 
enhanced the 30 days survival and also inhibited the radiation induced 
sickness and life shortening.  Dose reduction factor (DRF) against 
gamma radiation for Alstonia bark extract was calculated as 1.80 from 
LD 50/30 values. Alstonia extract also ameliorated anemia, 
leucopenia, thrombocytopenia, multi potential stem cell death, 
chromosomal aberrations, micronuclei formation, intestinal and 
hepatic lesions induced by gamma radiation at different autopsy 
interval between 12 hrs. to 30 days, and significantly increased the 
number of femoral  spleen colony forming units (CFU-S) that 
survived after irradiation. Furthermore, pretreatment 
with Alstonia extract checked depletion of glutathione (GSH) and 
anti-oxidant enzymes (SOD, CAT, GST) as well as elevation of lipid 
peroxidation (LPO) level. The significant reduction in the yield of 
LPO demonstrates that Alstonia protects the membrane against 
radiation induced oxidative damage. 
These findings conclude that such plant extract provides significant 
radioprotection and it may be potentially valuable in the prevention of 
injury caused during planned and unplanned radiation exposure. 
 
POS23-28. PI3 kinase inhibitor LY294002 is both a radioprotector 
and radiation mitigator. Joel Greenberger1, J. Lazo2, E. R. Sharlow2, 
D. Shields1, T. Dixon1, M. W. Epperly1, 1: Department of Radiation 
Oncology, University of Pittsburgh Cancer Institute, Pittsburgh, USA 
2: Department of Pharmacology and Chemistry, University of 
Virginia, Charlottesville, USA 
 
We optimized and employed a small interfering RNA (siRNA) assay 
with NCCIT human pluripotent embryonal carcinoma cells to identify 
potential drug targets for radiomitigation.  A primary screen of 5,520 
genes revealed 113 gene products with potential radiomitigative 
properties. Using an apoptosis secondary assay and computational 
pathways analysis methodology, we identified phosphoinisitide-3-
kinase (PI3K) as an attractive previously unrecognized molecular 
target for which there were potent small molecular inhibitors in 
clinical trials. To determine if the PI3K inhibitor, LY294002, is 
protected and/or mitigated irradiation damage in vitro, mouse 
hematopoietic progenitor 32D cl 3 cells were incubated for one hour 
in 0, 0.1, 1.0 or 10 µM LY294002 before irradiation or after 
irradiation with the same concentrations of LY294002 in 
methylcellulose containing semisolid medium.  The cells were 
irradiated to doses ranging from 0 to 8 Gy and plated in 
methycellulose containing medium, incubated for 7 days in a 
CO2 incubator, and colonies of 50 cells counted.  Data was analyzed 
using linear quadratic and single-hit, multi-target models.  Cells 
incubated in 10 µM LY294002 for one hour before irradiation had a 
significantly increased survival with an increased shoulder on the 
clonagenic survival curve ( ñ of 3.9 + 0.4) compared to 2.3 + 0.3 for 
control (p = 0.03).  Cells incubated in 0.1 µM LY294002 after 
irradiation demonstrated radiation mitigation with an increased 
shoulder on the survival curve of 6.0 + 0.8 compared to 3.0 + 0.5 for 
control cells (p = 0.015).   To determine if LY294002 was a 
radiomitigator in vivo, C57BL/6NTac female mice were irradiated to 
the LD 50/30 dose of 9.25 Gy, then injected with 30 mg/kg LY294002 
in cremphor el/ethanol, and followed for survival.  Mice treated with 
LY294002 had an increased survival compared to control irradiated 
mice (p = 0.0005).  Thus, LY294002 both protects and mitigates 
irradiation damage.  Other PI3 kinase inhibitors are now being 
evaluated. 
Acknowledgement: This project was supported by U191A168021-06 
from NIH/NIAID. 
 
POS23-29. Radioprotection effect and anti-tumor immunity by 
EF12, Fuscoporia oblique and oxykaine. Yeunhwa Gu1, K. Bamen2, 
1: Suzuka University of Medical Science, Japan 2: Research Center, 
BioStage Co., Ltd., USA 
 
Although it has been reported that EF12, Fuscoporia oblique(FO) and 
Oxykaine shows immunoenhancement activity and antioxidant 
activity, protective effects against radiation have not yet been 
investigated. In addition, although a few studies about anti-tumor 
effects in vitro have been reported, it is unknown whether or not these 
effects also occur in vivo. In this study, we therefore investigated the 
protective effects against radiation and in vivo anti-tumor effects 
of EF12, FO and Oxykaine. Blood cells are one of the indices for 
evaluating protective effects against radiation. Hemopoietic tissues 
and peripheral lymphocytes are highly sensitive to radiation, and a 
decrease in immunity caused by a decrease in white blood cells and 
myelocytes is remarkable after exposure to radiation. Therefore, in 
this study, we focused on the antioxidant activity and 
immunoenhancement activity of EF12, FO and Oxykaine and 
examined the in vivo effect of radiation on the number of peripheral 
blood cells. Furthermore, measurement of T lymphocyte subsets, 
SOD-like activity, antioxidant activity, radical scavenging activity 
based on chemiluminescent methods, and radical scavenging activity, 
which is a mechanism of protection from radiation was examined. In 
addition, we examined antioxidant activity and immunoenhancement 
activity, both of which are closely related to tumor suppression, and 
further investigated effects on suppressive effects on tumor growth 
and anti-tumor effects of tumor necrosis factor, TNF. The current 
major therapies for tumors are surgery, radiation, and chemotherapy. 
Immunotherapy is hoped to become a fourth therapeutic modality in 
the future. All of the three main therapies impose a burden on the 
body, and weaken immunofunction. However, we hope that a 
combination of immunotherapy, using natural materials such asEF12, 
FO and Oxykaine with immunoenhancement action may increase the 
percentage of patients who recover. 
 
POS23-30. AEOL 10150, a potent catalytic antioxidant, does not 
protect non-small cell lung cancer xenografts against radiation-
induced cytotoxicity. Caroline Hadley, X. Zhang, Z. Vujaskovic, 
Duke University, USA 
 
Introduction. We have previously shown that AEOL 10150, a potent 
catalytic antioxidant, can suppress apoptosis in irradiated lung through 
modulation of the PI-3 kinase/PTEN/Akt pathway. The purpose of this 
study was to determine whether AEOL 10150 influences the cytotoxic 
effect of radiation on non-small cell lung cancer xenografts. 
Methods. NSCLC (A549) xenograft tumors were implanted in 
athymic nude mice.  Mice were randomized into four groups to 
receive no treatment, AEOL 10150 (loading dose of 40 mg/kg, 
followed by a maintenance dose of 20 mg/kg administered every other 
day), fractionated radiation (3 x 7Gy), or both radiation and AEOL 
10150. Tumor growth delay was measured for 41 days following 
initiation of treatment. After sacrifice, tumors were homogenized and 
Western blot analysis was performed for signaling components of the 
PI3K/Akt pathway. 
Results. Animals receiving AEOL 10150 and radiation showed a two-
fold decrease in tumor volumes relative to control animals, while no 
decrease in tumor volume was observed in animals receiving drug 
alone. Tumors from the combined treatment group showed low PI-3 
kinase activity, resulting in reduced activation of Akt, and alteration of 
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down stream pathways. In particular, caspase-mediated apoptosis was 
significantly increased in the combined treatment group when 
compared to controls or either of the other treated groups, suggesting 
that AEOL 10150 sensitizes tumors to the cytotoxic effects of 
radiation. 
Conclusion. Administration of AEOL10150 protects normal tissue 
from undergoing apoptosis by reducing PTEN expression following 
RT. Here, we observe that, while the same effect on PTEN expression 
occurs in tumors, activity of Akt is reduced, potentiating apoptosis. 
The opposing actions of AEOL 10150 could improve the therapeutic 
ratio by protecting healthy lung tissue from radiation-induced injury, 
permitting the use of higher does of therapeutic radiation and 
improved tumor control.   
 
POS23-31. Ascorbic acid suppresses hair depigmentation caused 
by irradiation. Tadashi Hongyo1, H. Nakajima1, T. Todo1, T. 
Nomura2, 1: Osaka University, Japan 2: National Institute of 
Biomedical Innovation, Japan 
 
Irradiation in radiation therapy or bone marrow transplantation is 
known to cause damage to normal tissues. Although some substances 
are reported to suppress the damage(=radioprotectors), most of them 
have strong side effects and are not applicable in vivo. However, 
ascorbic acid is known as a safe radioprotector with antioxidant 
activity. While examining some radioprotectors using mice, we found 
that ascorbic acid suppresses hair depigmentaion caused by 
irradiation. 
Materials and Methods: C57BL/6J mice,4-6weeks old were exposed 
to X-ray radiation in the following conditions; (1) 20 Gy in 10 equal 
fractions (2) 40 Gy in 20 equal fractions (3) 20 Gy (single doze)  (In 
groups (1)-(3), exposure area was limited to the thorax and upper 
abdomen.) (4) 4Gy (single doze, total body irradiation).  
Either ascorbic acid or sterile saline was administrated to each mouse 
by subcutaneous injection prior to irradiation. We plucked more than 
100 hairs from the irradiated area of each mouse, and evaluated the 
degree of hair depigmentation by counting the number of hairs which 
were macroscopically depigmented. 
Results: In groups (1), (2) and (4), no epilation was seen, and hair 
depigmentation was observerd 5-7 weeks after irradiation. The degree 
of hair depigmentation was significantly higher in mice administrated 
with saline compared to those with ascorbic acid. In group (3), 
epilation was observed 3 weeks after irradiation, and gray hairs started 
to grow in the same area 2-3 weeks later. And as in groups (1), (2) and 
(4), the degree of hair depigmentation was significantly higher in mice 
administrated with saline compared to those with ascorbic acid. 
Conclusions:  Hair depigmentation after irradiation was suppressed by 
ascorbic acid. We plan to further examine the impairment of the organ 
tissues (lung, heart, kidney and liver) in each mouse. We might be 
able to evaluate tissue impairment after irradiation by examining the 
degree of hair depigmentation. 
 
POS23-32. Antioxidant system-enhancing effects of Jeju 
water.  Jin Won Hyun1, A. Daseul Kim1, Y. Jee1, N. Ho Lee1, H. Jin 
You2, 1: Jeju National University, South Korea 2: Chosun University, 
South Korea 
 
Recently, we reported that Jeju water containing vanadium (S3, 26.0 ± 
2.0 μg/l) exhibits an antioxidant effect via the scavenging of reactive 
oxygen species (ROS) and by enhancing of antioxidant enzyme 
activities in vitro. And also, we reported the antioxidant effect of S3 
with regard to antioxidant enzymes in vivo. In the present study, we 
compared antioxidant system of S3 to tap water against low ¡-ray 
irradiated mice. C57BL/6 mice were ¡-ray irradiated at 2 Gy, and 
given tap water or S3 for 90 days, and then the liver tissues were 
analyzed. Compared to tap water, S3 enhanced the activities of 
superoxide dismutase, catalase, glutathione peroxidase, and heme 
oxygenase-1. S3 also enhanced the level of reduced glutathione. These 
results suggest that vanadium-containing Jeju water exhibits 
antioxidant effects via enhancing antioxidant systems against low ¡-
ray irradiated mice. 
 
POS23-33. Use of the H2AX assay for in vitro and in vivo 
screening of new radioprotectors. Alesia Ivashkevich, P.N. 
Lobachevsky, A. Smith, K. Lee, O. Martin, R. Martin, Peter 
MacCallum Cancer Research Centre, East Melbourne, Australia 
 
The efficacy of cancer radiotherapy is limited by radiation-induced 
injury to neighbouring normal tissues. Many of the normal tissues at 
risk are accessible to topical medication. Thus, our laboratory is 
developing new DNA binding radioprotectors for topical application 
to tissues such as oral and rectal mucosa. The lead drug is 
methylproamine (MP) (Martin et al, Cancer Res, 2004) and 
investigation of the extent of radioprotection by different drug 
concentrations in vitro has established a concordance between the 
clonogenic survival and gH2AX endpoints (Lobachevsky et al, IJRB, 
2011), adding further support to the hypothesis that the mechanism of 
radioprotection is mediated by suppression of initial radiation-induced 
DNA lesions. More than 100 new MP analogues have been 
synthesised and their radioprotective activity evaluated using 
clonogenic survival assay in a continuing lead optimisation program. 
In vitro studies with subsets of analogues with a range of 
radioprotective activities and at various concentrations, have 
demonstrated a correlation between the extent of radioprotection 
measured by the clonogenic survival and gH2AX endpoints (R2 = 
0.59, p=0.005). Interestingly, the classic radioprotector WR1065 also 
fits the correlation.  The extent of radioprotection was derived from 
the radiation-dose response for different drug/concentration 
conditions. 
An excellent radiobiological model of oral mucositis is available.  It 
involves irradiation of a small area of the mouse tongue, and use of 
radiation-induced ulceration as the clinically relevant endpoint, but it 
is too elaborate to consider for screening a collection of 
radioprotecting drugs. In contrast, the rapidity of the gH2AX response 
(1 hr after IR) allows the possibility of a much more accessible 
radiobiological model involving total body irradiation (TBI). Our 
investigations in mice have established an IR dose-response for 
induction of gH2AX foci in basal cells of oral mucosa after TBI. 
Using exposures of 0 - 5 Gy, we obtained a yield of 4.3 +/- 0.8 
gH2AX foci / cell / Gy.  These studies have been facilitated by use of 
new software for automated counting of gH2AX foci (Ivashkevich et 
al, Mut Res, 2011) and will serve as a basis for evaluation of 
radioprotection by new analogues.  
 
POS23-34. Mitigation of combined injury to the lung and skin by 
captopril. Elizabeth Jacobs, F. Gao, A. Schock, B. Fish, J. Narayanan, 
J. Moulder, Z. Lazarova, M. Medhora, Medical College of Wisconsin, 
USA 
 
After a radiological attack, victims will suffer partial or whole body 
exposures to radiation, with multiple organs being affected at the same 
time.  The lung is a sensitive target, suffering two waves of injury, 
acute interstitial pneumonitis at 6-10 weeks followed by fibrosis, 
usually from 4-6 months after irradiation.  The skin is a critical 
barrier, which can be severely compromised by exposure to ionizing 
radiation.  In the event of a radiological attack, skin injury will be a 
major cause of morbidity and survivors of gastrointestinal and 
hematopoietic injury will face a serious risk from combined damage to 
the lung and skin.  We have previously demonstrated that 
the angiotensin converting enzyme (ACE) inhibitor captopril increases 
survival and mitigates acute radiation pneumopathy in rats receiving 
whole thoracic irradiation.  Captopril also improves injury to the skin 
in a rat model of combined radiation and wound trauma where 
radiation is confined to the skin and does not penetrate to other 
organs.  We hypothesized that irradiation to the skin will exacerbate 
radiation-induced lung injury in rats and the combined injuries will be 
mitigated by captopril.  Rats (female WAG/RijCmcr at 8-9 weeks of 
age) were randomized into 5 groups:  (i) no irradiation (control)  (ii) 
12-13 Gy to the thorax to include the whole volume of both lungs  (iii) 
30 Gy soft X-rays to ~10% of the skin and outside the thoracic 
field  (iv) combined irradiation to the thorax and skin at the same 
doses in groups (ii) and (iii)  (v) continuous treatment with captopril 
(300 mg/ml in the drinking water) one week after combined 
irradiation to the thorax and skin as in group (iv).  The rats were 
regularly monitored for body weight, lung function by measuring the 
breathing rate and skin injury by scoring on a 10 point scale.  Our 
results support a multi-organ failure model of radiation injury and 
suggest captopril may mitigate combined injury. This work was 
funded by NIH/NIAID agreements U19-AI091036 & 67734 and RC1 
AI81294 & 01S1. 
 
POS23-35. Mitigation of lung fibrosis in rats by enalapril started 
35 days after irradiation. Elizabeth Jacobs, F. Gao, J. Narayanan, B. 
Fish, J. Moulder, M. Medhora, Medical College of Wisconsin, USA 
 
Introduction: There are two phases of lung injury after radiation, acute 
pneumonitis after 42-70 days and irreversible fibrosis starting months 
to years later. The lung is therefore a target of injury after a radiation 
accident or terrorism event.  We have demonstrated that ACE 
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inhibitors including enalapril at 40 but not 20 mg/L in drinking water 
(40 mg/L=18-28 mg/m2/day) reduces collagen synthesis (a marker of 
fibrosis) in rat lungs at 7 months after irradiation. The drugs were 
started 7 days after radiation. Aim: Our goal is to find the latest start 
time and optimal dose of enalapril to mitigate radiation fibrosis in a 
terrorism-relevant model.Experimental procedures: Wistar female rats 
(WAG/RijCmcr, 8-10 weeks of age) were treated with a single dose of 
13 Gy of X-irradiation to the thorax, at a dose rate of 1.43 
Gy/min.  Animal care and dosimetry was done by Core facilities at 
MCW. One group of age-matched unirradiated animals was kept 
under identical conditions to serve as controls. Radiated rats were 
randomized into groups that were untreated or treated with enalapril at 
30mg/L (low dose) or 60mg/L (high dose) starting at 35 days (just 
before pneumonitis), 70 days (after pneumonitis), 105 days or 140 
days (after pneumonitis but before fibrosis). Breathing rates were 
measured throughout the experiment while newly synthesized lung 
collagen content was measured at 7 months after irradiation using the 
Sircol assay. Summary of results: Enalapril (low and high dose) 
started at 35 days improved survival through pneumonitis.  Enalapril 
60mg/L but not 30mg/L started at 35 days mitigated the increase in 
collagen synthesis in the lung.  Enalapril started later than 35 days did 
not improve lung collagen content at 7 months after 
radiation.Conclusions: We show that enalapril, even if started up to 35 
days after radiation mitigates morbidity and improves survival through 
pneumonitis.  At the high dose it also mitigates radiation 
fibrosis.  This large window of time is to our knowledge the longest 
interval for intervention with mitigators of lung injury in a model 
relevant to a mass casualty event.Funding: This work was funded by 
NIH (USA) NIAID RC1 AI 81294, 81294-01S1 and U19-AI-67734. 
 
POS23-36. Characterization of damage to cardiac endothelial cells 
induced both in vitro or in vivo by ionizing radiation. Karol 
Jelonek1, A. Walaszczyk1, D. Gabrys1, M. Pietrowska1, C. Kanthou2, 
P. Widlak1, 1: Maria Sklodowska-Curie Memorial Cancer Center and 
Institute of Oncology, Gliwice, Poland 2: Cancer Research UK 
Tumour Microcirculation Group, University of Sheffield, Sheffield, 
UK 
 
Introduction: Cardiovascular disease associated with radiotherapy is 
an important clinical problem. However, only few radiobiological 
models relevant for assessment of cardiotoxic effects of ionizing 
radiation are available at the moment. Here we described isolation 
from mouse primary cardiac endothelial cells, possible target for 
cardiotoxic effects of radiation, and tested them using different 
radiosensitivity assays.  
Materials and methods: Cells were isolated from hearts of adult 
animals (8-weeks-old), both control and irradiated with a 2 or 8 Gy 
doses, at different times after irradiation (up to 60 weeks). In addition, 
cells isolated from hearts of juvenile mice were cultured and 
irradiated in vitro. 
Results: A dose-dependent formation of histone gammaH2A.X foci 
was observed after in vitro irradiation of cultured cells. However, such 
cells were resistant to radiation-induced apoptosis. A high dose of 16 
Gy did not increase permeability of monolayers formed by endothelial 
cells. However, increased levels of actin stress fibres were observed in 
the cytoplasm of cardiac endothelial cells either irradiated in vitro or 
isolated from irradiated animals (up to 20 weeks after irradiation). Up-
regulated expression of Vcam1 and Sele genes was detected after 8 Gy 
irradiation in vitro and in cells isolated few days after irradiation in 
vivo. In addition, elevated  expression of Hsp70i gene was observed as 
a long-term effect of radiation (up to 40 weeks after the in 
vivo treatment). 
Conclusions: Radiation-related changes observed in isolated cardiac 
endothelial cells several weeks after irradiation, i.e. increased levels of 
actin stress fibres and elevated expression of Hsp70i gene, might be 
relevant for cardiotoxic effects of ionizing radiation. 
 
POS23-37. Development of the rapid radiochemical analytic 
methods for the nuclear accident or radiation emergency. Yanqin 
Ji, B. Shen, X. Shao, Q. Tian, L. Yin, National Institute for 
Radiological Protection, China CDC, China  
 
With the advance of nuclear sciences and technologies, the wide 
application of nuclear and radiological technologies has been received 
the more concerns recently, especially after the nuclear crisis in Japan. 
There are batch of well-designed and suitable methods to assess and 
measure the potential hazards and routine surveillance. An accurate, 
rapid radioanalytical method for determination of radionuclides from 
various sources in the environment particularly is urgent need for 
early decision-making. 
The extraction chromatographic column with crown etheric 
(BtBuCH18C6) or TOA (Tri-n-octylamine) on Teflon powder was 
prepared and used to separate 90Sr, or Np & Pu from environmental 
and biological samples respectively. The 90Sr was measured by liquid 
scintillation counter directly after the separation. The Np and Pu were 
detected sequentially by inductively coupled plasma mass 
spectrometry (ICP-MS). 
The results demonstrate extraction of Sr from environmental and 
biological samples and fast countermeasure. The column effectively 
retained Sr in 8 mol L-1 HNO3 medium and easily eluted in 
water.  Comparison of the traditional HDEHP extraction and fumic 
nitric acid method, the analytical time is within 8 hours instead of the 
days to weeks. The uncertainty of measurement is 12.8%（k=2）
when determine biological ash samples. An unique TOA extraction 
chromatographic column with a two-stage sample loading was 
prepared to separate Np and Pu from the environmental or biological 
matrix. Np and Pu were efficiently kept in 4 mol L-1 HNO3 medium on 
the column and easily eluted with 0.02 mol L-1 oxalic acid in 0.16 mol 
L-1 HNO3 at 95°C. The separated solutions were free from most of the 
matrix elements and were aspirated into the ICP-MS directly. The 
decontamination factor for 238U is more than 104. The feasibility for 
the determination of both elements was proved by analysing IAEA-
135 reference samples, the measured values agreed with the 
recommended reference value. 
The effective separation of radionuclides from matrix is the key issue 
to devote the establishment of rapid analytic method. The method 
which can be used for sequential determination of multiple 
radionuclides need study further. 
 
POS23-38. Occupational exposure to X-rays in Poland. Zbigniew 
Kamiński, S. Papierz, M. Adamowicz, J. Kacprzyk, M. Zmyślony, 
The Nofer Institute of Occupational Medicine, Lodz, Poland 
  
The Radiation Protection Department in the Nofer Institute of 
Occupational Medicine in Lodz, in accordance with national 
regulations, provides radiation protection service for  Polish workers 
occupationally exposed to X-rays. The study presents the review of 
the individual dosimetry data concerning Hp(10) and Hp(0,07). 
The Radiation Protection Department is an accreditated testing 
laboratory that provides routine individual dosimetry. The personal 
dose equivalent Hp(10) is calculated using Dresler method (the 
detection limit equals 0.1 mSv). Film dosimetry was a good solution 
because of the opportunity of the simplicity of the permanent 
registration of the dose. Since the beginning of 1966, all data have 
been stored in the personal dosimetry database. Furthermore, the 
measurements of individual dose equivalent Hp(0,07) are performed 
since 2001 using the ring dosimeters equipped with TLDs (the 
detection limit equals 0.05 mSv). 
The collected data were put to analysis with respect to the type of 
working place of people, frequency distributions of Hp(10) and 
Hp(0.07) and number of cases of over-exceeding the annual level of 
dose. In 2010 individual film dosimetry and ring dosimetry covered 
more than 27,000 workers and 1845 workers, respectively. At present, 
the Nofer Institute of Occupational Medicine individual dosimetry is 
implemented in 3,800 laboratories (film dosimetry) and 152 (TLD 
dosimetry) laboratories. In year 2010 the total mean annual dose 
Hp(10) and Hp(0,07) equals 0.48 mSv and 5.6 mSv, respectively.   
Nofer Institute of Occupational Medicine is the owner of the greatest 
database of the annual doses of workers exposed to the ionizing 
radiation in Poland. Most of them are employed in health service. 
Concerning the personal dose equivalent Hp(10) the average annual 
effective doses of occupational radiation exposure among workers 
substantially decreased during the study period (1966-2010) while 
maintaining on the approximate level of about 0.5 mSv for last 
decade. Presently, over 99% of annual doses doesn‘t exceed the level 
of 1mSv. It is note-worthy that about 95% of controlled workers 
receive doses below the sensitivity limit i.e. below 0.1 mSv. Finally, 
annual dose higher than the annual limit haven‘t been recorded for the 
last few years. Additionally the paper presents also results of 
statistical evaluation of the Hp(0.07) measurements performed since 
2001. The mean annual value of the dose decreased from 18 mSv in 
2001 to 5.6 mSv in 2010. The measured values during last three years 





POS23-39. Radiosynovectomy with 90Y of knee joint – dosimetric 
aspects. Monika Kempińska1, P. Lass2, 1: University of Gdańsk, 
Poland 2: Medical University of Gdańsk, Poland 
 
Radiosynovectomy is mainly used in chronic joint inflammation in 
cases resistant to conventional therapy. The performance of this 
procedure needs participation of a nuclear medicine specialist, as well 
as an orthopedist or a rheumatologist and a technologist, who prepares 
radiopharmaceuticals. The radiation absorbed doses for patients and 
personnel depend not only on the injected activity, but also on the 
method and process of injection and the radioactivity measurement 
procedure used. 
Aims of this study are:  
- the evaluation of the degree of radiation exposure of patients and 
medical personnel during the performance of  therapy with 90Y, 
- a comparison of  counts in a selected regions of the joint from 
bremsstrahlung imaging with readouts of the dosimeters. 
Materials and Methods: 
For the quantification of the exposure to ionizing radiation 
thermoluminescence dosimeters were used. The personal dose 
equivalent at 0,07 mm (dosimeter PI-01) and 10 mm depth (dosimeter 
DI-01) in the body (72 persons) and medical personnel (30 persons) 
and kinetic energy released per unit air mass (dosimeter DS-04) were 
calculated. Dosimeter exposure to the patient‘s activity was measured 
for a minimum of 48 h. 
Knee joint gammacamera scintigraphy was performed. Yttrium - 90 
scintigraphy was used in the experiments with Medium Energy 
Collimator for minimize contamination and maximize the sensitivity 
while imaging bremsstrahlung photons. A 5 min spot study (20 
patients) and  a whole-body scan (5 patients) for 1h, 24h and 72 h 
after injection had been performed. 
Results and Conclusion: 
Patients after radiosynovectomy of the knee joint with Yttrium – 90 
citrate and persons from their environment do not receive significant 
dose of radiation, if rules of radiation protection are fulfilled. It was 
showed that there is a correlation between the thermoluminescence 
and gammacamera measurements.    
Scintigraphy of the knee joint in a given moment of the therapy makes 
possible continuous monitoring of the accumulation process of 
radiopharmaceutical. It gives a very useful informations for a 
physician for the future course of therapy. 
In this case bremsstrahlung gammacamera measurements seem to be 
useful and precise tool in dosimetry 
 
POS23-40. Diphlorethohydroxycarmalol suppresses γ-ray 
radiation-induced cell damage via inhibition of oxidative stress. Ki 
Cheon Kim, R. Zhang, M. Jing Piao, A. Daseul Kim, J. Won Hyun, 
Jeju National University, South Korea 
 
Diphlorethohydroxycarmalol (DPHC) was shown to reduce 
superoxide anions, hydroxyl radicals. DPHC reduced intracellular 
reactive oxygen species (ROS) generated by g-radiation and protected 
cells against radiation-induced cellular DNA damage, membrane lipid 
peroxidation and protein modification, which are the main targets of 
radiation-induced damage. Furthermore, DPHC suppressed the 
mitochondria membrane potential induced by gamma-irradiation. In 
addition, DPHC recovered the cell viability damaged by radiation via 
inhibition of apoptosis. Irradiated cells with DPHC treatment resulted 
in reduced Bax, caspases 9 and 3 expressions, which were induced by 
g-radiation. However, irradiated cells with DPHC recovered Bcl-2 
expression, which was reduced by radiation. This anti-apoptotic effect 
of DPHC was due to inhibition of c-Jun NH2-terminal kinase cascades 
induced by g-radiation.  In summary, these results suggest that DPHC 
protects cells against g-radiation-induced oxidative stress via reduction 
of ROS and attenuation of apoptosis. 
 
POS23-41. Dose levels of the occupational staff in Poland based on 
the results from the dosimetry service at IFJ PAN, Krakow, 
Poland. Renata Kopeć, M. Budzanowski, Institute of Nuclear Physics 
PAS, Poland 
 
The Laboratory of Individual and Environmental Dosimetry (LADIS) 
at the Institute of Nuclear Physics (IFJ PAN) in Krakow applies 
thermoluminescence (TL) detectors for individual dosimetry in terms 
of the personal dose equivalent HP(10) – for whole body and Hp(0.07) 
– for finger- for photon radiation fields, within the range from 0.1 
mSv to 1 Sv.  Dosimetric service is currently performed for ca. 4200 
institutions and 35000 occupational personnel over the whole Poland. 
According to Polish Atomic Law exposure periods are on a quarterly 
basis. 
For whole body doses four  MTS-N (LiF:Mg,Ti) TL pellets (4.5 mm 
diameter and 0.9 mm thickness) are placed in the standard Rados Oy 
badge with three Al filters. For finger doses the plastic ring holder 
with  adjustable finger size are applied. One MTS-N, (4.5 mm 
diameter,  0.7 mm thickness), is placed in a bar coded holder under a 
plastic cover, 0.4 mm thick. The dosemeters can undergo various 
sterilization processes, used at the clients‘ hospitals. 
The paper presents the results of statistical evaluation of more than 
400 000 quarterly or montly effective dose measurements performed 
by LADIS in years 2003-2010. The doses are being divided in 
dependence of technical and medical institution and type of 
measurement performed (individual dosimetry or environmental 
dosimetry). The highest readings of individual dosemeters, exceeding 
the dose limits, are almost exclusively due to the accidental exposure 
of dosemeters left in the vicinity of radiation sources. 
References: 
1.  Budzanowski, M.,  Kopec, R., Obryk, B., Olko, P., 2011,  Dose 
levels of the occupational radiation exposures in Poland based on 
results from the accredited dosimetry service at the IFJ PAN, 
Krakow,  Radiat. Prot. Dosim., 144, 107–110 
 
POS23-42. Total and angular photon albedo for water, concrete 
and iron, and dependence on the thickness of reflecting 
material. Dragana Krstic, D. Nikezic, V. Markovic, N. Stevanovic, 
Faculty of Science, University of Kragujevac, Serbia 
 
Reflection of radiation is an important subject of investigation in 
radiological-protection studies, because reflected radiation presents 
unknown secondary source. Photon reflection from shielding materials 
which are used in nuclear facilities must be determined because of 
higher risk from irradiation. To take into account reflected radiation 
and prevent irradiation of surroundings, it is necessary to determine 
energetic and angular distribution of reflected photons. The photon 
albedo is defined as the ratio of the current flow of photons emitted 
from a unit area of the reflecting surface to the current flow of primary 
photons incident upon that surface. 
Total number and angular albedo were calculated for commonly used 
shielding materials as water, concrete and iron, for photons with initial 
energies from 10 keV up to 10 MeV and normal incident angle.. 
Double differential albedo was determined by simulating of photons 
transport through materials by using PENELOPE and MCNP 
software. Backscattered photons were scored and grouped in equal 
intervals of energy and angle.   
In addition, the influence of material thickness on total number albedo 
was investigated also. With increasing of the material thickness,  total 
number albedo also increases and at some point achieves the 
saturation. With further increasing of thickness, the total number 
albedo remains constant. It was concluded that for the materials 
thicker than few photon mean free paths albedo doesn‘t depend on 
thickness. 
Keywords: photon albedo, shielding materials, Monte Carlo 
simulation 
 
POS23-43. In vivo radioprotection studies using an extracellular 
fungal melanin. Amit Kunwar1, A. Barik1, S. K. Sandur2, S. 
Raghukumar3 K. I. Priyadarsini1 1: Radiation & Photochemistry 
Division, India 2: Radiation Biology & Health Sciences Division, 
Bhabha Atomic Research Center, Mumbai, India, 3: Myko Tech 
Private Limited, Goa, India 
  
Since ionizing radiation is finding applications in various fields of life, 
there is an urgent need to develop effective and nontoxic 
radioprotectors. In spite of several years of research, search for an 
ideal radioprotector that can be used for occupational as well as 
clinical setting continues. We have recently evaluated the 
radioprotective effects of extracellular melanin isolated and 
characterized from a fungal source and results pertaining to it are 
discussed here. Melanins are high molecular weight pigments that are 
constitutively synthesized by many fungi to confer a survival 
advantage against environmental predators, heavy metals toxicity, and 
physical insults such as UV radiation. A few recent reports indicate 
that melanized fungal species colonize on the walls of the damaged 
reactor at Chernobyl. These findings, together with some laboratory 
observations of the resistance of melanized fungi to ionizing radiation 
suggest a role for this pigment in radioprotection. In present study the 
radioprotective ability of melanin was evaluated in BALB/C mice by 
administering it intraperitoneally (i.p.) 30 min before and 30 min after 
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exposure to the lethal dose (7 Gy) of γ-radiation. After irradiation, 
animals were monitored for 30 days and mortality, if any, was 
recorded. The results indicated that pre-administration of melanin at a 
dosage of 10, 25 and 50 mg/kg body weight increased their survival 
by 20, 50 and 100 % respectively. Similarly, when melanin was 
administered i.p. at a dosage of 25 and 50 mg/kg body weight after the 
whole body irradiation, it increased the survival by 50 and 70 % 
respectively. The mechanistic investigations by administering melanin 
at a dosage of 25 mg/kg body weight, 30 min before irradiation 
revealed significant protection to heamatopoeitic system as evidenced 
by inhibition of the radiation induced DNA damage in peripheral 
leukocytes, improvement in lymphocyte count in blood and spleen 
colony forming units. In correlation with the above studies, splenic 
lymphocytes pre-treated with melanin offered ~70% protection against 
radiation-induced apoptosis. Our results thus clearly demonstrate 
prophylactic and therapeutic radioprotective ability of melanin in 
mouse model. 
 
POS23-44. Radiation safety and control at ARTI. Yun-jong Lee, 
Korea Atomic Energy Research Institue, South Korea 
 
Due to governmental approval for the establishment of a research 
institute specializing in radiation utilization research in 2000, the 
Advanced Radiation Technology Institute (ARTI), a branch office of 
the Korea Atomic Energy Research Institute (KAERI), was 
establisged and started its official work in 2005 in Jeongeup, Jeonbuk. 
The objective of the radiation safety control program at ARTI is to 
ensure radiation safety by limiting the probability of stochastic effects, 
as well as prevent detrimental deterministic effects attributed to 
radiation exposure to personnel handling radiation and/or radioactive 
materials in ARTI. This is a mandatory program that should be 
performed by the licensee according to the KOREA Atomic Energy 
Act. In order to achieve the objectives of the radiation safety control 
program, the following main activeiies have been controlled, and the 
radiation levels have been maintained below the acceptable limits 
through periodic measurements as well as the monitoring of air, 
surface, and water contamination;exhaust; dosage rates; and access 
control of the radiation workers. The total number of regular radiation 
workers was 458 in 2010. No individual received an exposure in 
excess of the annual dose limits set in the relevant regulations lr the 
Atomic Energy Act. To secure safety and protect workers against 
radiation, a training course on fundamental radiation protection was 
conducted, and a total lf 523 workers participated in the course. In 
addition to these activities, several research articles have been 
published in domestic scientific journals, invited and preffered papers 
have been presented in conferences, and technical support for 
radiation protection and safety has been provided to the ralated 
industries and/or other organizations. 
 
POS23-45. Radioprotection effect and immune activity by 
Enteroccous facalis 2001. YoungHee Lee, M. Iwasa, Y. Gu, Suzuka 
University of Medical Science, Japan 
 
Although it has been reported that Enteroccous facalis 2001(EF 
2001) shows immunoenhancement activity and antioxidant activity, 
protective effects against radiation have not been investigated. In 
addition, although a few studies about anti-tumor effects in vitro have 
been reported, it is unknown whether these effects also occur in 
vivo. It is unknown what mechanisms are involved in the protective 
effect against radiation and the anti-tumor activity in these substances. 
Therefore, in this study, we investigated the protective effects against 
radiation and in vivo anti-tumor effects of EF 2001. Blood cells are 
one of the indices for evaluating protective effects against radiation. 
Hemopoietic tissues and peripheral lymphocytes are highly sensitive 
to radiation, and a decrease of immunity caused by a decrease in white 
blood cells and myelocytes is remarkable after exposure to radiation. 
Therefore, in this study, we focused on the antioxidant activity and 
immunoenhancement activity of EF 2001, and examined the in 
vivo effect of radiation on the number of peripheral blood cells. 
Furthermore, measurement of T lymphocyte subsets, SOD-like 
activity, antioxidant activity, radical scavenging activity based on 
chemiluminescent methods, and absolute amounts of free radicals 
based on ESR were carried out, and radical scavenging activity, which 
is a mechanism of protection from radiation was examined. In 
addition, we examined antioxidant activity and immunoenhancement 
activity, both of which are closely related to tumor suppression, and 
further investigated effects on suppressive effects on tumor growth 
and anti-tumor effects of tumor necrosis factor (TNF). We hope that a 
combination of immunotherapy, using natural materials such as EF 
2001 with immunoenhancement action may increase the percentage of 
patients who recover. 
 
POS23-46. Comparative study of the measurement of thoron 
gas. Weiping Liang, X. Ai, L. Zhang, The Solid Dosimetric Detector 
and Method Laboratory, China 
 
The accurate measurement of 220Rn is one of the most important 
research contents in natural radiation exposure dose evaluation. Based 
on three commonly used radon measuring device, we developed its 
use in220Rn measurement and finished some comparative experiments. 
The main conclusions: AB5 grab measurement method with its simple 
in principle and stable measurement results can be used as a reference 
method of measuring 220Rn, through its lower detection limit is a little 
higher; The 220Rn measurement result given by RAD7 is influenced by 
the status of desiccant and need a timely calibration; AlphaGuard flow 
mode has the advantage of low detection limit, but its results prone to 
sampling flow rate and the status of front-end sampling pipe, so can 
only be a general reference. 
Keyword：220Rn, accurate measurement, Comparative experiment, 
reference method 
 
POS23-47. Fibroblast growth factor peptide mitigates acute 
radiation syndrome via promotion of progenitor recovery and 
homologous DNA repair in bone marrow . Alexandra Litvinchuk1, 
L. Zhang2, P. Okunieff2, 1: University of Florida Shands Cancer 
Center, USA 2: UF Shands Cancer Center, USA 
 
Stimulation of proliferation and differentiation of residual 
hematopoietic stem and progenitor cells is a major goal for medical 
treatment of acute radiation syndrome (ARS). Fibroblast growth factor 
(FGF) receptors are universally expressed in all cells, including 
stem/progenitor cells in bone marrow (BM). FGF-P, a dimerized 
peptide derived from FGF2, helps to mitigate ARS. 
Purpose: To explore the underlying mechanism of FGF-P by which 
ARS is mitigated. 
Methods: Swiss NIH mice were exposed to 7.5-8 Gy total body 
radiation once, and 48 hours later were subcutaneously injected with 
vehicle alone or FGF-P (0.2-5 mg/kg/daily for 5 days and every other 
day for an additional 5 doses). Several days later, BM was harvested 
and subjected to staining with different antibodies and analyzed with 
flow cytometry, Western blotting, immunofluorescent staining (IF), 
and confocal microscopy for the cellular location of fluorescein 
isothiocyanate (FITC)-FGF-P, the number of CD34+ progenitors, 
TER119/CD71+ erythroid cells, and DNA repair proteins. 
Results: 1) Using confocal microscopy, we found that FITC-FGF-P 
bound to the surface of BM stem and progenitor cells. Interestingly, 
FITC-FGF-P could be translocated to the nucleus of stem 
cells. 2) CD34+progenitor cells treated in vitro with FGF-P were more 
resistant to apoptosis. 3) CD34+ progenitors, the granulocytic-
monocytic lineages associated with Gr-1- antigen cells, were 
increased by FGF-P at 2, 3, and 7 months after irradiation. 4) Mice 
rescued by FGF-P had a near-normal ratio of myeloid to erythroid 
cells. 5)IF analysis and Western blotting showed that the RAD51 foci 
and their associated protein were increased after treated with FGF-P in 
vitro, indicating that the homologous repair (HR) of DNA was 
enhanced. Also, through IF we found that that key repair proteins such 
as RAD51 (HR) and Ku86/70 (non-homologous end-joining) organize 
the common foci with poly [ADP-ribose] polymerase 1 (PARP1) in 
nuclei. Thus, PARP1 have competitive interactions with RAD51 or 
Ku proteins to repair single- or double-stranded DNA damaged sites 
after irradiation. 
Conclusions: FGF-P promotes the recovery of CD34+ progenitors and 
the reconstitution of the BM myeloid-erythroid ratio. FGF-P in the 
nucleus might enhance the DNA HR after radiation and support 
genome integrity 
 
POS23-48. Radiation contamination detection of people returning 
from Japan after Fukushima accident. Ying Liu, L. Cuiping, M. 
Weidong, C. Huifang, L. Yuwen, National Institute for Radiological 
Protection, China CDC, China 
 
Objective: There were a lot of Chinese citizens arriving from Japan to 
China as they were anxious about their possible contamination with 
radioactive materials relate to Fukushima disaster. We detect 
contamination with radioactive materials in people arriving from 




Methods: Using surface contamination monitor and whole body 
counter we detected contamination with radioactive materials in 
neither of the cases. As a general, detectable contamination levels 
greater than twice background indicate decontamination should be 
attempted. Simple decontamination refers to the remove of 
contaminated articles of exterior clothing and the use of water to flush 
removable contamination from skin and non-porous materials. 
 Results: More than 400 people returning from Japan after Fukushima 
disaster were detected contamination with radioactive materials. 
Among of them, most of people are below the threshold; only 3 
people are above it. After measuring for the second or the third time 
following simple decontamination the 3 people showed low values. 
The widespread public anxiety associated with radiation accident 
appears to be out of proportion to the radiation induced health effects. 
Conclusions: There is few health consequences relate to the 
Fukushima accident for people returning from Japan. Psychological 
effect in affected population is one of the most important health 
problems. Psychological reactions to radiation could be prevented, 
decreased or relaxed by different methods applied before, during or 
after the accident. Appropriate officials at the national and local levels 
should arrange psychological support. 
 
POS23-49. Intercomparison and training for the Monte Carlo 
numerical calibration of a lung counting system in the case of 
enriched uranium contamination.  Maria Antonia Lopez1, J. 
Bento 2, M. Caldeira 2, K. Capello 3, E. Cardenas-Mendez 3, P. 
Cowan 4, J-A. Cruzate5, J. Farah6, T. Fonseca7, L. Freire2,8, J-M. 
Gómez-Ros 1, S. Gossio5, B. Heide9, J. Huikari10, J. Hunt11, S. 
Kinase12, C. Konvalinka13, G.H. Kramer3, O Kurihara14, A. Kyrielis4, 
A-L. Lebacq7, D. Leone9, J. Li15, C. Li15, L. Liu15, L-C. Milhailescu7, 
M. Moraleda1, C. Oliveira2, N. Puerta5, U. Reichelt13, C. Simões2, D. 
Sommer13, M. Takahashi12, P. Teles2, F. Vanhavere7, T. Vrba16, D. 
Franck 6, G.  Gualdrini 17, D. Broggio, 1: CIEMAT, Madrid, Spain 2: 
Instituto Tecnológico e Nuclear, Sacavém, Portugal. 3: Human 
Monitoring Laboratory, Ottawa, Canada. 4: Serco, Thomson House, 
Warrington, United-Kingdom 5: Autoridad Regulatoria Nuclear, 
Buenos Aires, Argentina 6: Institut de Radioprotection et de Sûreté 
Nucléaire, RSN/DRPH/SDI/LEDI, Fontenay-aux-Roses, France 7: 
SCK-CEN, Mol, Belgium. 8: Escola Superior de Tecnologia da Saúde 
de Lisboa, Lisbon,  Portugal. 9: Institute fuer Strahlenforschung - 
Karlsruhe Institut fuer Technologie, Eggenstein-Leopoldshafen, 
Germany 10: STUK, Helsinki, Finland. 11: Instituto de Radioprotecao 
e Dosimetria, Rio de Janeiro, Brazil. 12: Japan Atomic Energy 
Agency, Tokai-mura, Japan. 13: Technische Universität Dresden, 
Dresden, Germany. 14: Japan Atomic Energy Agency, Nuclear Fuel 
Cycle Engineering Laboratories, Tokai-mura, Japan. 15: Lab. of 
Radiation Protection and Enviromental Protection, Department of 
Engineering Physics, Tsinghua University, Beijing, China. 16: CTU in 
Prague, Faculty of Nuclear Sciences and Physical Engineering, 
FNSPE, Prague, Czech Republic. 17: ENEA Radiation Protection 
Institute, Bologna, Italy 
 
Introduction: In vivo counting consists in assessing internal 
contamination by counting the radiations emitted from the body. For 
routine assessment the counting systems are calibrated with physical 
phantoms containing radioactive sources. However, these phantoms 
are of limited realism as compared with current numerical models. 
Numerical calibration, based on Monte-Carlo (MC) calculations and 
numerical models of the human body, is an alternative to physical 
calibration. However, this solution presents several challenges: 
modelling of the detectors, design of human models, and reproduction 
of experimental conditions. To assess the reliability of numerical 
calibration the working groups "internal dosimetry" and 
"computational dosimetry" of the Eurados network have carried out a 
reference experiment and ask to interested participants to simulate it. 
Materials and Methods: CT scans of the Livermore phantoms were 
used to build voxel phantoms with a resolution of 8 mm3 per voxel. 
The Livermore phantom was set up with enriched Uranium lung 
sources. Two reference measurements, with and without extra-thoracic 
plates, were carried out using the germanium detectors of the 
CIEMAT whole body counting unit. The position of detectors was 
reported with a precision of ± 3 mm. 
The voxel models, the detector validated model, the counting 
positions and source data were sent to participants who were asked to 
compute the spectra corresponding to the measurements and to give 
the counting efficiencies needed for the assessment of 235-238U. 
Results: Seventeen teams, from 14 institutes and 13 countries, took 
part in this initiative. Eleven teams used MC codes from the 
MCNP(X) family. Except for one code the voxel models were easily 
set up for the calculations. 
At the first analysis of results more than half of the participants were 
asked to review their results. The most frequent source of error was 
the misuse of units or difficulties in understanding the definition of 
counting efficiency. To help improving the results tutorials were 
distributed to guide the reviewing of results. 
After a second round all participants obtained results in agreement 
with experimental data. For the measurements without extra-thoracic 
plate, the agreement of calculated and experimental efficiencies is 
between -4 
 
POS23-50. Effect of fibroblast growth factor peptide on the 
proliferation of murine bone marrow cells after ionizing 
radiation. Jun Ma, D. Han, M. Zhang, B. Zhang, C. Chen, A. Zhang, 
P. Okunieff, L. Zhang, University of Florida Shands Cancer Center, 
USA 
 
Purpose: Fibroblast growth factor peptide (FGF-P), a dimerized stable 
peptide derived from the receptor binding domain of FGF2, was 
synthesized to study its effect on stem cells and progenitor cells in 
bone marrow from irradiated mice. 
Methods: Bone marrow cells (BMC) were collected by flushing 
femora of C57BL/6 mice that were exposed to 3-Gy or 8-Gy total 
body irradiation (TBI). The effect of FGF-P on proliferation of 
BMC in vitro was determined by tritiated thymidine (3H-TdR) 
incorporation assay. Swiss NIH mice were injected with FGF-P 48 
hours after 6-Gy TBI. FGF-P-induced recovery of stem and progenitor 
cells in bone marrow was studied with flow cytometry. Hematopoietic 
stem cells (HSC) were labeled with anti-mouse lineage/Sca-1/c-kit 
(LSK) antibodies and further divided into 2 categories as long-term 
HSC (LT-HSC) with CD38 and short-term HSC (ST-HSC) with 
CD34. Immature B lymph cells were labeled with IgM, CD19, and c-
kit (proB) or CD25 (preB). Mesenchymal stem cells (MSC) were 
labeled with CD34, CD45, and Sca-1 and further divided into multi-
potential MPC1(CD44-) and less-potential MPC2 (CD44+). 
Results: Incorporation of 3H-TdR in vitro by BMC from 3-Gy TBI 
C57BL/6 mice was increased after treatment with FGF-P and rhFGF2, 
as compared to vehicle-alone control (p < 0.05). The value of 3H-TdR 
incorporation in FGF-P treated BMC was higher than that in rhFGF-2 
treated cells (p < 0.05). LT-HSC (lin-/Sca-1+/c-kit+/CD38+) was 
increased on day 25 after 6-Gy TBI in Swiss mice treated with FGF-P 
(5 mg/kg) by subcutaneous injection as compared to mice treated with 
vehicle alone (p < 0.05). However, no significance was found for LSK 
(lin-/Sca-1+/c-kit+) or ST-HSC (lin-/Sca-1+/c-kit+/CD34+) between 
FGF-P treated mice and vehicle-alone treated mice. FGF-P had no 
induction effect on proliferation of MSC, MPC1, or MPC2 in bone 
marrow of Swiss mice after 6-Gy TBI. However, the immature B cells 
were increased after FGF-P treatment as compared to vehicle-alone 
control (p < 0.05). 
Conclusions: 1) In vitro, FGF-P increased the proliferation of 
BMC. 2) In vivo, FGF-P stimulated the proliferation of cell subtypes 
in murine bone marrow, such as LT-HSC and immature B cells. 
 
POS23-51. A Novel Method for Removing Tc-99m and I-131 from 
Aqueous Solutions Using Montmorillonite Nanoclay. SMJ 
Mortazavi1, J. Moradgholi2, M. Sadegh Rouintan1, S. Abasaleh 
Namazi1, 1: Shiraz University of Medical Sciences, Iran 2: Isfahan 
University, Iran 
 
Background: Montmorillonite, the principal constituent of bentonite, 
is composed of hydrous aluminum silicates in the form of extremely 
small particles that swell in water and shows high cation-exchange 
capacities.  Due to their economical advantages, much attention has 
been given to the use of clays as adsorbents over the past years.  I-131 
enters water from medical waste and nuclear accidents. 
AfterFukushima nuclear disaster in Japan, tap water from some areas 
was tested positive for radioactive iodine. On the other hand, 
Radionuclidic contamination (iodine or technetium) in nuclear 
medicine departments is not a rare event. 
Objectives: The aim of this study was to investigate the efficiency of 
montmorillonite nanoclay and common zeolite and bentonite minerals 
(micrometer-sized) to adsorb three radionuclides, namely Iodine-131, 
Tc-99m and Lu-177 from aqueous solutions. 
 Methods: Iodine-131, Tc-99m and Lu-177 solutions with an initial 
activity of 0.1 mCi were mixed with 9 cc of distilled water in a test 
tube. About 0.4 g of nano-montmorillonite, bentonite or zeolite was 
added to half of the I-131, Tc-99m or Lu-177 test tubes. Remaining 
tubes did not receive any adsorbing agent. Tubes were gently shaken 
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for 2 minutes and then were left still for the following 118 minutes. 
Then 0.9 cc of the solution was taken out from the mid part of the test 
tubes. Activities of these samples were measured using a Vinten 
Isocal II radioisotope calibrator (Vinten Instruments Ltd, UK) dose 
calibrator. 
Results: For I-131 and Tc-99m the activity of the solution in test tubes 
treated with montmorillonite nanoclay was 0 mCi, while in control 
test tubes the mean (±SD) activities were 0.009 ± 0.0004 and  0.006 ± 
0.0004 mCi respectively. Activity in the tubes containing bentonite 
and zeolite showed no significant difference with those of control 
samples. In case of Lu-177, the activity of the solution in test tubes 
treated with montmorillonite nanoclay was 0.001 ± 0.0007 mCi, while 
in control test tubes the mean (±SD) activity was 0.009 ± 0.0007 mCi. 
Conclusions: The results of this study prove the powerful ability of 
montmorillonite nanoclay in removing I-131, Tc-99m and Lu-177 
from aqueous solutions.  These findings may be used for waste water 
filtration in nuclear medicine departments and even for production of 
cost-effective I-131 water filtration devices after a nuclear accident. 
 
POS23-52. A novel method for removing I-131, Tc-99m and Lu-
177 radionuclides from aqueous solutions using montmorillonite 
nanoclay. S. Abasaleh Namazi1, S. Mortazavi2, M. Rouintan2, J. 
Moradgholi3, N. Motlagh Bahadori2, M. Hesampour2, N. Masoodi2, 1: 
Shiraz University oMf edical Sciences, Iran 2: Shiraz University of 
Medical Sciences, Iran 3: Isfahan University of Technology, Iran 
 
Background: Montmorillonite, the principal constituent of bentonite, 
is composed of hydrous aluminum silicates in the form of extremely 
small particles that swell in water and shows high cation-exchange 
capacities.  Due to their economical advantages, much attention has 
been given to the use of clays as adsorbents over the past years.  I-131 
enters water from medical waste and nuclear accidents. 
AfterFukushima nuclear disaster in Japan, tap water from some areas 
was tested positive for radioactive iodine. On the other hand, 
Radionuclidic contamination (iodine or technetium) in nuclear 
medicine departments is not a rare event. 
Objectives: The aim of this study was to investigate the efficiency of 
montmorillonite nanoclay and common zeolite and bentonite minerals 
(micrometer-sized) to adsorb three radionuclides, namely Iodine-131, 
Tc-99m and Lu-177 from aqueous solutions. 
 Methods: Iodine-131, Tc-99m and Lu-177 solutions with an initial 
activity of 0.1 mCi were mixed with 9 cc of distilled water in a test 
tube. About 0.4 g of nano-montmorillonite, bentonite or zeolite was 
added to half of the I-131, Tc-99m or Lu-177 test tubes. Remaining 
tubes did not receive any adsorbing agent. Tubes were gently shaken 
for 2 minutes and then were left still for the following 118 minutes. 
Then 0.9 cc of the solution was taken out from the mid part of the test 
tubes. Activities of these samples were measured using a Vinten 
Isocal II radioisotope calibrator (Vinten Instruments Ltd, UK) dose 
calibrator. 
Results: For I-131 and Tc-99m the activity of the solution in test tubes 
treated with montmorillonite nanoclay was 0 mCi, while in control 
test tubes the mean (±SD) activities were 0.009 ± 0.0004 and  0.006 ± 
0.0004 mCi respectively. Activity in the tubes containing bentonite 
and zeolite showed no significant difference with those of control 
samples. In case of Lu-177, the activity of the solution in test tubes 
treated with montmorillonite nanoclay was 0.001 ± 0.0007 mCi, while 
in control test tubes the mean (±SD) activity was 0.009 ± 0.0007 mCi. 
Conclusions: The results of this study prove the powerful ability of 
montmorillonite nanoclay in removing I-131, Tc-99m and Lu-177 
from aqueous solutions. These findings may be used for waste water 
filtration in nuclear medicine departments and even for production of 
cost-effective I-131 water filtration devices after a nuclear accident. 
 
POS23-53. Assessment of the dose to the eye lens of radiation 
medicine workers. Jerzy Olszewski, The Nofer Institute of 
Occupational Medicine, Poland 
 
Practical use of ionising radiation from radioisotopes, in addition to 
offering tremendous diagnostic and therapeutic advantages, results in 
harmful doses of the radiation to the personnel. Studies conducted by 
NIOM at nuclear medicine laboratories showed a considerable risk of 
excessive exposure of the hands to the ionising radiation. 
To assess exposure to ionising radiation of the eyes of nuclear 
medicine workers handling technetium and iodine, 140 determinations 
of radiation doses were done in three nuclear medicine laboratories. 
The determinations were performed in the first place in the 
radiopharmacists, i.e. workers preparing technetium-labeled 
formulations and nurses administering those formulations to patients. 
Besides, determinations were performed in physicians also 
administering radioiodine and taking care of radioiodine carrier 
patients. High-sensitivity thermoluminescent detectors (TL) made of 
lithium fluoride (LiF: Mg, Cu, P – MCP – produced by the Polish 
company Niewiadomski and Co. were used to determine the doses. 
The experiments show that eye exposure is uniform, i.e. it can be 
successfully monitored with one dosemeter placed either on the right 
or left temple. Mean dose recorded during work day was 16.9 µSv, 
while the maximum recorded dose was 107 µSv. 
The results of our experiment show that it would not be reasonable to 
expect that nuclear medicine workers receive doses to the eyes 
exceeding 1/3 of equivalent dose (50 mSv p.a.). 
When analysing the results, the author have suggested that use of 
protective spectacles made of lead glass should be made obligatory in 
nuclear medicine laboratories to additionally reduce, according to the 
ALARA principle, the exposure to the eyes of the personnel. 
 
POS23-54. Estimation of critical doses and dose rates for 
agricultural plants. Alla Oudalova, Russian Institute of Agricultural 
Radiology and Agroecology, Russian Federation 
 
The purpose of this work is to develop methods and approaches in the 
field of radiation protection for non-human biota. The key problem is 
an assessment of critical doses and dose rates that can result in 
significant radiation-induced effects in biocenoses. Derived levels of 
radiation impact are assessed on an example of cultivated plants. 
Agrarian ecosystems are of special concern from the viewpoint of 
establishing safe levels of radiation impact on the environment, since, 
first, their contamination can affect human health via radionuclide 
uptake with food, and second, agroecosystems are ones of the most 
sensitive to a number of environmental impacts including ionising 
radiation. Up to now there are no guidelines on setting any limitations 
to directly protect agrarian ecosystems from negative effect of 
radiation. Available information on dose dependences in such 
umbrella endpoints as reproductive potential, survival, morbidity, 
morphological, biochemical, and genetic effects in crops, vegetables, 
fruit trees, etc are gathered from scientific papers issued during last 50 
years. Data are maintained as database in MS Access that contains 
about 17000 records at the moment; the work is ongoing. Quantitative 
data are collected for about 60 species of cultivated plants. As critical 
radiation values, there are considered doses producing 50% changes of 
biological effect at acute impact (ED50), or dose rates resulting in 10% 
changes at chronic exposure of plants (EDR10). Critical doses for 
different species are calculated from dose-effect dependences obtained 
with the corresponding data sets. Primary data are assesed for their 
quality according to several criteria. Three models (linear, 
logariphmic, and logistic) are tested for an applicability to fit a dose-
effect dependence taking account of their goodness-of-fit and 
robustness of ED50 and EDR10 estimates. The critical doses and dose 
rates for agrocenosis estimated from available information on 
reproduction and survival are presented. It is discussed to what extent 
critical radiotoxicity values can depend on a type of model chosen to 
fit dose dependence and quality of primary data. Findings obtained 
contribute to developing a unified concept of the environment and 
human protection from radiation and nonradiation contaminations. 
 
POS23-55. Entrance surface doses (ESD) from medical X-ray 
examinations in Masovian voivodeship. Krzysztof Pachocki, M. 
Bekas, Z. Różycki, K. Wieprzowski, Department of Radiation 
Protection and Radiobiology, National Institute of Public Health, 
Poland 
 
Masovian Voivodeship is the largest and most populous of the sixteen 
Polish voivodeships (provinces). It occupies 35,579 square kilometres 
(13,737 sq mi) of east-central Poland, and has 5.16 million 
inhabitants. Its principal cities are  Warsaw (1.7 million) in the centre 
of the Warsaw metropolitan area, Radom (226,000) in the south, 
Płock (127,000) in the west, Siedlce (77,000) in the east, and 
Ostrołeka (55,000) in the north. The capital of the voivodeship is the 
national capital, Warsaw. 
Setting a medical diagnose requires conducting the investigation of 
patient. One of them is X-Ray diagnostic, that allows to depict the 
inside structures of the patient body. The advantage of this 
investigation is the easy execution and very fast result, however, X-
ray procedures have also disadvantages. The basic one is radiation 
risk. The magnitude of radiation risk depends on the technical X-ray 
condition and  exposition parameters employed by X-ray operators. 
In the presented work the authors measured the entrance surface dose 
(ESD) that patients had received in standard medical X-ray 
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procedures. The standards X-ray procedures included: chest 
examination, skull examination, spine examination (cervical, thoracic, 
lumbar-sacral), pelvis and abdomen examination. For the necessity of 
measurement the standard patient was defined as a person which has 
170 cm height and 70 kg weight. This definition  complies with the 
regulation of the health minister of 18 February 2011 (Journal of Laws 
No 51, item 265). 
The measurement was done in accordance with internal procedures in 
Radiation Protection and Radiobiology Department. The result was 
compared with reference level  definition in the annex 2 with 
regulation of the health minister. 
The research was done in over 70 X-Ray rooms in mazowieckie 
voivodeship.  The result indicates that the difference between 
magnitude of dose of the same X-Ray procedures might exceed over 
800 %. For example chest AP projection, measured dose: 0,122 – 
1,076 mGy, skull AP projection, measured dose: 0,204 – 2,200 mGy. 
Hitherto analysis of the results draws to conclusion that the measured 
doses depends on the condition of X-Ray units (technical parameters), 
used materials (sensitivity of films) and exposition parameters (kV 
and mAs). 
 
POS23-56. Entrance surface dose estimation for selected 
radiological procedures based on sample survey of Polish 
radiology departments. Piotr Pankowski, The National Centre for 
Radiation Protection in Health Care, Poland 
 
Medical diagnostic radiological procedures are the largest source of 
radiation exposure for population of developed countries. Accordingly 
to the implementation of Article 12 of the European Commission 
Medical Exposure Directive of 1997 entitled ―Estimates of population 
doses‖ Member States are required to ensure that the distribution of 
individual dose estimates from medical exposure is determined for the 
population and for relevant reference groups of the population. The 
considerable resources and effort required to reliably determine the 
frequency of the different types of x-ray examination and the 
associated patient doses meant that only the most developed countries 
were able to conduct such complex surveys and even those can not 
repeat them very frequently. National Centre for Radiation Protection 
in Health Care takes effort to perform various actions in order to 
provide reliable information on dose and frequency of examination as 
required in the Article 12. Presented results are based on sample 
survey performed in various radiology departments in Poland, the 
entrance surface dose and effective dose for selected radiological 
diagnostic procedures are presented and discussed in comparison with 
similar data determined by other countries.  
 
POS23-57. Estimation of radioprotective effect of N-acetyl-L-
cysteine in yeast cells. Jiyoung Park1, T. Ho Ryu1, M. Nili 2, J. Kyu 
Kim1, 1: Korea Atomic Energy Research Institute, South Korea 2: 
Dawnesh Radiation Research Institute, South Korea 
 
Antioxidant enzymes such as superoxide dismutase (SOD), 
glutathione peroxidase (GPx), and catalase (CTA) were well 
conserved in all aerobic organisms, because those are exposed to 
reactive oxygen species (ROS) during aerobic respiration. Also, 
gamma rays generate ROS, which induce oxidative stress. N-acetyl-L-
cysteine (NAC), a precursor of glutathione (GSH), is one of the 
antioxidants having a thiol group. In this study, radioprotective effect 
of NAC was investigated through cell survival and gene expression of 
antioxidant enzymes including SOD, GPx, and CTA in yeast. Yeast 
cells were pretreated with 0 mM to 20 mM concentration of NAC 
and/or irradiated with 0 Gy to 400 Gy dose gamma rays. The relative 
survival rate of yeast cells reduced with increasing doses of gamma 
rays. The pretreatment of NAC did not improve gamma rays-induced 
cell death in yeast. All of the gene expression of the antioxidant 
enzymes increased in the cells irradiated with 100 Gy without 
pretreatment of NAC. The gene expression of antioxidant enzymes in 
the cells irradiated with 100 Gy with pretreatment of NAC was lower 
than the control group without NAC pretreatment. These data suggest 
that, NAC does not protect cells against gamma rays-induced cell 
death, but NAC leads to scavenging ROS generated from gamma rays 
in yeast cells. Therefore, NAC is an useful antioxidant to scavenge 
ROS in vivo. 
 
POS23-58. Radiation protection of aircraft crew: publicly 
available database of measurements with the silicon spectrometer 
Liulin on board aircraft. Ondrej Ploc1, J. Kubančák2, A. Maluńek2, I. 
Ambrožová2, T. Dachev3, 1: National Institute of Radiological 
Sciences, Japan 2: Nuclear Physics Institute, Prague, Czech Republic 
3: Space and Solar-Terrestrial Research Institute, Bulgarian Academy 
of Sciences, Sofia, Bulgaria 
 
Annual effective doses of aircrew from occupational exposure are 
typically up to 6 mSv, depending on the number of flight hours, route 
locations, and solar activity. In many cases, these doses exceed the 
limit for public exposure to ionizing radiation and thus ICRP 
recommended their monitoring. Radiation fields at aircraft altitudes 
are complex and difficult to measure experimentally. For this reason, 
the doses are estimated via computer codes that take into account 
flight parameters like aircraft location and altitude, and solar activity. 
It is generally accepted, that these calculations should be periodically 
verified by measurements. Precise measurements with tissue 
equivalent proportional counters are typically short-term only as these 
detectors are bulky and have only limited battery life. For long-term 
measurements, which are needed to cover the whole 11-year solar 
cycle, the silicon spectrometer Liulin is better suited. Liulin is an 
active dosimeter which records energy deposition events occurring in 
the semiconductor unit, and – if appropriately calibrated – it estimates 
neutron and non-neutron component of the ambient dose equivalent. 
This paper presents a database of long-term measurements performed 
on board aircraft with the Liulin detector. The measurements started in 
2001. For one run, Liulin was placed in the cabin of a Czech Airlines 
aircraft for approximately 50 days. So far 28 runs were performed, i.e. 
about 3 500 flights and almost 20 000 flight hours. Flights were flown 
from Prague to destinations with vertical cut-off rigidities ranging 
from 1 GV to 17 GV. The most frequent were transatlantic flights 
from Prague to New York and to Canada. 
The database comprises more than 105 records where each record 
contains information on: energy deposition spectra, absorbed dose 
rates and dose equivalent rates measured with Liulin, date and time, 
geographic coordinates and altitude. The data are available on the 
Internet and can be used for instance for verification of computational 
programs routinely used for estimation of aircrew exposure to cosmic 
radiation. 
 
POS23-59. Dosimetry during America‘s penultimate shuttle 
mission. Mariagabriella Pugliese1, F. De Cicco2, M. Quarto1, V. 
Roca1, 1: Università di Napoli Federico II, Italy 2: Seconda Università 
di Napoli, Italy 
 
The problem of radiation protection in space is very important because 
the exposure of astronauts to the cosmic radiation poses a major risk 
to space flight.  
Thermoluminescent dosemeters (TLDs) are largely used to determine 
the cosmic radiation exposure  onboard the International Space Station 
(ISS) because they are easy to handle, comparatively light-weight, do 
not require power consumption, and give integral information about 
dose by  post-flight evaluation. In the framework of BIOKon In Space 
(BIOKIS) sponsored by the Italian Space Agency (ASI-Agenzia 
Spaziale Italiana) in the areas of cellular biology, radiation and 
radioprotection, aging, germination and plant growth, HiDOSE 
experiment covered the dosimetric measurements to evaluate the 
exposure dose to charged particles for biology experiments executed 
on board STS (Space Transportation System). 
HiDOSE experiment was performed using Thermo Luminescence 
Dosimeters (TLD)  placed on the BIOKIS BIOKON container 
(developed by Kayser Italia).  
Measurements were obtained using three different types of TLD: 
TLD-100 (LiF:Mg,Ti), TLD-600 (6LiF:Mg,Ti) and TLD-700 
(7LiF:Mg,Ti). TLD-700 have higher efficiency, that is dependent  not 
only upon the LET but also on the ion charged. The TLD used were 
3.2 x 3.2 x 0.89 mm. TLD  were annealed in air at 400°C for 1 hour 
prior to exposition.  
Thermoluminescent dosemeters (8 for each type) were accommodated 
inside one of the two BIOKON passive container. 
To take trace of the radiation exposure  during all the pre launch 
phases  two TLD for each type hosted inside a plastic box were used 
as dosimeter control. The reading of these detector will be subtracted 
to the reading of the flying ones to evaluate only the radiation find on 
orbit. 
The results of dosimetric measurements  carried out by the 
HiDOSE  experiment will be presented.  
 
POS23-60. Radiation mitigating compounds reduce radiation 
induced lethality and leukemia. Yelena Rivina, R. H. Schiestl, 




There is a dire need to develop therapeutic agents that protect or 
mitigate normal tissues from radiation-induced injury sustained during 
accidental exposures such as nuclear reactor meltdown and a terrorist 
attack, or in a clinical setting during radiotherapy. The purpose of the 
studies was to identify novel small molecule entities with radiation 
mitigation activity against radiation-induced (IR) damage and 
lethality. A yeast-based high-throughput screen was done to uncover 
molecules that protected or mitigated radiation-induced cytotoxicity 
and genotoxicity. Identified hits were further validated in a plate-
based DEL assay and compared to murine lymphocyte viability 
screens. Selected compounds were then tested for their ability to 
mitigate lethal total body irradiation in mice. Two lead compounds, 
Yel001 and Yel002, reduced IR-induced cell death and genomic 
instability in vitro and mitigated IR-associated lethality in vivo up to 
75% when administered at 5 times at 24, 48, 72, 96, and 120 hours 
post exposure. Yel001 and Yel002 have also reduced IR-induced 
leukemia to 50% and 40% respectively as compared to 100% controls. 
The compounds appear to be general genome stabilization agents 
having also reduced I-131-induced DNA double strand breaks (DSB) 
in thyroid cells, decreased random microhomology-mediated end-
joining in irradiated cells, and mitigated DNA damage and cell death 
after ultraviolet radiation exposure. No systemic nor reproductive 
toxicity has been observed in animals treated with multiple Yel 
compound administration. Yel001 and Yel002 are potent 
radiomitigators with potentially extensive application in rescuing 
accidentally irradiated populations and in clinical settings. 
 
POS23-61. Ramipril, an ACE inhibitor, mitigates radiation-
induced spinal cord injury in rats. Samuel Ryu, S. Kumar, A. 
Kolozasvary, K. Jenrow, S. Brown, J. Ho Kim, Henry Ford Hospital 
Radiation Oncology, Detroit, MI, USA  
 
We have shown that Ramipril mitigated the radiation-induced optic 
nerve injury after high dose radiation in a drug dose- and time-
dependent manner. Most striking histological finding was the 
restoration of demyelination of the irradiated optic nerves. Since 
spinal cord is composed of abundant myelinated white matter and  is 
the most critical normal tissue in spine radiosurgery, we initiated the 
present study to determine whether Ramipril can mitigate the spinal 
cord injury following single high dose radiation. 
Fifty-five Fisher 344 rats were randomly assigned to groups of 
radiation to the spinal cord (C5-T2) in various lengths (5 mm and 20 
mm) and a range of radiosurgical doses (22 - 33 Gy). After radiation, 
rats were randomly assigned to sham vs. Ramipril treatment. Starting 
one week after radiation, Ramipril was given 1.5mg/kg/day in 
drinking water for 6 months. Endpoints of the study were paralysis 
(functional) and histology and MRI (anatomical). Once the rats 
develop paralysis, immunohistochemical stain were performed with 
LFB, VEGF, HIF-1 alpha, and selected groups were assessed using 
contrast enhanced-MRI by T1, T2, and vascular permeability at 7T. 
At 19 weeks after radiation, paralysis developed in rats receiving high 
radiation doses (30-33 Gy to 2 cm length). No paralysis was noted in 
the ramipril-treated with same radiation dose. There were no rats 
paralyzed in the lower radiation dose group (up to 28 Gy) and short-
length (5 mm) of the irradiated spinal cord for the duration of 6 
months after radiation. LFB stain showed demyelination at the dose as 
low as 22 Gy. Optical density of normal spinal cord for LFB stain was 
0.254. Optical density of radiation group was 0.119 due to 
demyelinization. This was increased to 0.143 of Ramipril-treated 
group. The difference was statistically significant (p<0.05), and 
suggests restoration of myelin production in the drug-treated group. 
Ramipril mitigates radiation-induced spinal cord damage, and 
prevents paralysis. Further studies are planned to elucidate 
pathogenesis of radiation injury with and without ramipril. The drug 
has a great translational value for radiation therapy. Further studies are 
needed to optimize the drug dosage and timing of administration 
before translating to clinical use. 
 
POS23-62. Mitigation of radiation-induced gastrointestinal 
syndrome in mice by R-spomdin1 and ICG-001, a selective 
antagonist of β-catenin-mediated transcription. Subhrajit Saha1, P. 
Bhanja1, L. Liu1, Y. Zhao2, M. MacMillan2, M. Kahn2, C. Guha1, 1: 
Albert Einstein College of Medicine, USA 2: USC, USA 
 
Purpose: Radiation-induced gastrointestinal syndrome (RIGS) results 
from direct cytocidal effects on intestinal crypt and endothelial cells 
with disruption of mucosal homeostasis, electrolyte imbalance, 
diarrhea, weight loss, and mortality. There are no approved mitigating 
therapies for RIGS. The Wnt-b-Catenin pathway critically regulates 
the intestinal homeostasis by regulating proliferation and 
differentiation of intestinal stem cells (ISC). We hypothesized that a 
sequential administration of a Wnt agonist, R-spondin1 (Rspo1) that 
could amplify the ISC pool, followed by ICG-001, a selective 
antagonist of the b-Catenin-CBP interaction that could accelerate 
differentiation of Rspo1-stimulated ISC in crypt-villi axis, would 
promote intestinal regeneration and mitigate RIGS. 
 Methods: C57Bl/6 mice were treated with recombinant adenovirus 
expressing human Rspo1, AdRspo1 (5x109 particles/mice, 1hr and 48 
hr post-IR) followed by ICG-001 (150mg/kg of body weight, 72 hr 
post-IR) after whole body irradiation (WBI) of 9.4-10.4 Gy. Animals 
were observed for survival (Kaplan-Meier) and histopathological 
analysis (hematoxylin-eosin staining, TUNEL and Ki67 
immunohistochemistry). Expression of mRNA levels of b-Catenin 
target genes in crypt cells was determined by qRT-PCR. 
 Results: All mice, exposed to WBI, died within 10-15 days without 
any treatment. In contrast, 70% (p<0.007) and 60% (p<0.003) of mice 
that received WBI of 9.4Gy and 10.4Gy, respectively, survived more 
than 30 days after treatment with AdRspo-1+ICG-001. Mice treated 
with AdRspo-1 or ICG-001 alone, failed to improve survival after 
WBI. Histopathological evaluation of jejunum demonstrated larger 
crypt depth and intact villi in AdRspo-1+ICG-001-treated animals, 
compared to controls indicating structural regeneration of the 
irradiated intestine. qPCR analysis of genes associated with ISC 
differentiation showed a marked increase in Brachury T (244+ 8.9 
fold) and cJun (170+ 6.3 fold) in WBI+AdRspo1+ICG001-treated 
animals, compared to WBI controls. 
 Conclusion: Post-exposure sequential treatment with Rspo-1 and 
ICG-001 modulates the Wnt-b-Catenin pathway in intestine, resulting 
in accelerated regeneration and improved survival. Thus Rspo1 and 
ICG-001 could represent novel mitigators of RIGS. 
 
POS23-63. ALXN4100TPO, an anti-apoptotic TPO agonist, 
induces cytokines to stimulate hematopoietic recovery following 
total body irradiation. Merriline Satyamitra1, E. Lombardini2, C. 
Mullaney1, V. Srinivasan1, 1: Armed Forces Radiobiology Research 
Institute, USA 2: VSD/AFRRI, USA  
 
Recently, we demonstrated that ALXN4100TPO (4100TPO), a 
thrombopoietin receptor agonist, had potent radiation countermeasure 
efficacy with dose reduction factors of 1.32 (prophylactic, 24 h pre-) 
and 1.11 (mitigatory, 12 h post-irradiation [TBI]) (Satyamitra et al., 
Rad. Res. 2011). 4100TPO ameliorated radiation injury by promoting 
multi-lineage recovery of the hematopoietic tissue. The current study 
investigated the effect of prophylactic (24 h pre-) or therapeutic (12 h 
post-TBI) 4100TPO-treatment (1 mg/kg, sc) in 7 Gy irradiated 
(cobalt-60 source, 0.6 Gy/min) mice using (1) Cytokine expression in 
serum, (2) TUNEL staining in bone marrow sternum, and (3) 
Micronuclei formation in mouse bone marrow cells. On day 4 post-
TBI, irradiation increased inflammatory mediators such as IL-1β (pro-
inflammatory), IL-4, IL-10, IL-13, and G-CSF (anti-inflammatory), 
and others IFN-γ and IL-3, IL-9, IL-17, eotxin, MIP-1 (p<0.05-0.001). 
4100TPO treatment significantly increased levels of IL-2, IL-6, IL-17, 
G-CSF, KC, MIP-1a, MIP-1b, RANTES, and TNF-α over irradiation 
controls, while reducing IL-1β and IFN-γ. Irradiation also increased 
apoptosis as quantitated by TUNEL- positive cells in bone marrow 
sternum. 4100TPO reduced expression of TUNEL- positive cells and 
improved cellularity, regenerative foci and megakaryocytes (day 7, 
p<0.01). 4100TPO reduced the number of micronucleated 
reticulocytes observed following 7 Gy (p<0.001 compared to vehicle) 
and facilitated faster restoration of erythropoiesis by normalizing the 
polychromatic to normochromatic erythrocyte (P/N) ratio by days 7 
and 10, for pre- and post-TBI drug treatment, respectively. We 
hypothesize that 4100TPO acted as a radiation countermeasure by 
induction of key cytokines that stimulated proliferation of multi-
lineage hematopoietic progenitors while decreasing DNA damage and 
apoptosis of the blood forming cells. 
 
POS23-64. DNA-PKcs and H2AX phosphorylation during 
apoptosis signaling in bone marrow granulocytes irradiated in 
vivo and the role of amifostine in these responses. Helena Segreto, 
P. C Addios, E. J P Gamero, M. Naves, A. Nogueira Pedro, V. P C 
Teixeira, R. Segreto, Federal University of São Paulo, Brazil 
 
Purpose – to assess the DNA-PKcs and H2AX expression and 
phosphorylation during p53 and p38 apoptosis signaling in bone 
marrow granulocytes irradiated in vivo and the role of amifostine 
(Ami) in these responses. 
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Material an Method – 120 mice were assigned in GI (physiological 
saline solution – PSS intraperitoneally – IP), GII (Ami 400mg/kg IP), 
GIII (PSS IP + 7Gy whole body radiation dose), GIV (Ami IP 30‘ 
prior to 7Gy). Immunohistochemistry (IHQ) and flow cytometry (FC) 
were performed to assess protein expression: caspase 3, cleaved 
caspase 3, p53, p-p53, p38, p-p38, (IHQ) and DNA-PKcs, DNA-
PKcs-P (Thr 2647), H2AX, p-H2AX (Ser 139) (FC). FC results were 
submitted to statistical analysis with ANOVA, Bonferroni's test 
(significance: p≤ 0.05). Transmission electron microscopy (TEM) was 
used for ultrastructural characterization of apoptosis. 
Results – Ami significantly reduced the number of apoptotic cells; 
radiation induced p53, p38, H2AX phosphorylation and significantly 
reduced the expression of phosphorylated DNA-PKcs (GIII); Ami 
itself induced p-p53, DNA-PKcs-P (Thr2647) and p-H2AX but did 
not induce p-p38 expression (GII); when injected 30‘ prior to 7Gy 
Ami significantly induced the phosphorylation of DNA-PKcs, 
markedly reduced p53 and p38 phosphorylation and did not influence 
the expression of p-H2AX. 
Conclusion –Data show that after whole body high radiation dose, 
Ami induced the activation of DNA-DSB repair pathway via DNA-
PKcs, and markedly reduced the apoptosis signaling pathway via p53, 
p38. 
Considering the impact of granulocytic response for the survival of 
irradiated patients, and the use of Ami for the normal tissues 
radioprotection in radiation oncology, additional knowledge of the 
molecules involved in death/survival pathway of this cell lineage is 
highly desirable and with potential clinical applications. 
 
 
POS23-65. Improved decorporation of the actinide radioelement 
Am-241 with a novel orally available formulation of DTPA — 
efficacy and pharmacokinetic studies. Gita Shankar1, G. Shankar1, 
W. Weber2, M. Doyle-Eisele2, N. Bejugam1, S. Mutyam1, C. Green1, 
R. Guilmette2, 1: SRI International, Menlo Park, USA, 2: Lovelace 
Respiratory Research Institute, Albuquerque, USA 
 
The partial destruction of Japan‘s Fukushima Daiichi nuclear power 
plant resulted in a mass contamination of the area surrounding the 
plant and forced thousands of people to evacuate their homes. A 
radioactive byproduct of nuclear fission, Americium 241 (Am-241) is 
present in spent reactor fuel. The drug of choice for removing Am-241 
from a contaminated person, a process called decorporation, is 
diethylenetriamine pentaacetic acid (DTPA). Because DTPA has poor 
oral bioavailability, the current methods of drug delivery are iv or 
solution nebulization. To facilitate decorporation for large groups, we 
are developing orally bioavailable formulations of DTPA; in this 
study, we evaluated dog decorporation of a novel tablet formulation of 
the Ca and Zn chelate forms of DTPA (SRI-DTPA). 
The efficacy of SRI-DTPA was tested in groups of 18 beagle dogs (9 
male 9 female) injected intravenously with a soluble Am241-citrate 
complex. On Day 1 after the Am-241 injection, each dog was given 
either a 100 mg or a 200 mg tablet of Ca-DTPA by gavage twice daily 
at an interval of 8 hours. On Days 2 through 7, each dog was given 
either a 100 mg or a 200 mg tablet of Zn-DTPA twice daily. Each dog 
was placed in a metabolism cage to enable complete, separate 
collection of urine and feces, and the treated animals were euthanized 
7 days after receiving the last dose of Zn-DTPA (14 days after Am-
241 injection). 
SRI-DTPA was shown to significantly increase the excretion of Am-
241 for all treatment times; statistically significant decreases in liver 
and bone content of Am-241 were also observed. For example, for 
SRI-DTPA treatment in high dose group, the total body content of 
Am-241 in the treated animals was reduced to 39% of the injected 
dose, compared with 74% in the untreated animals. 
The pharmacokinetic data reflects the efficacy results: a 200 mg Ca or 
Zn-DTPA tablet, administered orally, resulted in an area under the 
curve (AUC) that was about 25% of the AUC after a single iv dose of 
100 mg/dog. The mean time to maximum plasma concentration (Tmax) 
values and bioavailability in the tablet groups were 1.25 ± 0.65 hr and 
12.09 ± 3.32%, respectively. 
We concluded that this formulation of DTPA is very effective in 
decorporating Am-241 in dogs. 
This project has been funded in full with federal funds from 
NIAID/NIH/DHHS under contract no. HHSN266200500029C and 
HHSN266200500047C 
 
POS23-66. Tocopherol succinate-induced granulocyte colony-
stimulating factor protects mice against radiation injury and 
mobilizes progenitors. Vijay Singh, P. Singh, D. Brown, AFRRI, 
USUHS, USA 
 
We have elucidated the role of α-tocopherol succinate (TS) and TS-
induced granulocyte colony-stimulating factor (G-CSF) in protecting 
mice from radiation injury. Mice were injected with TS 24 h before 
exposure to gamma-radiation and survival was monitored. Jejunum 
sections were analyzed for crypt and villi, and apoptosis. The crypt 
regeneration in irradiated mice was also evaluated. Bacterial 
translocation from gut to heart, spleen, and liver in TS-treated and 
irradiated mice was evaluated by bacterial culture. TS was also 
evaluated for cytokine induction by multiplex Luminex and 
mobilization of progenitors by flow cytometry. 
Our results demonstrate that TS enhanced survival in a significant 
number of mice when irradiated with different doses of radiation 
inducing hematopoietic and gastrointestinal syndromes. TS protected 
intestinal tissue of irradiated mice in terms of crypt and villi, and 
mitotic figures. TS treatment decreased the number of TUNEL-
positive and increased BrdU-positive cells in jejunum compared to 
vehicle-treated mice. Further, TS inhibited gut bacterial translocation 
to heart, spleen, and liver in irradiated mice. TS also induced very 
high levels of G-CSF in peripheral blood. Protective efficacy of TS 
was completely abrogated by administration of G-CSF antibody. 
Histopathology of jejunum demonstrates abrogation of intestinal 
protection by administration of G-CSF antibody. TS induced G-CSF 
mobilized progenitors which in turn mitigated radiation injury upon 
transfusion to irradiated mice. In conclusion, induction of G-CSF by 
TS administration is responsible for protection from g-radiation 
injury. G-CSF-mobilized progenitors mitigate radiation injury. 
 
POS23-67. In situ gamma spectrometry as a tool of building 
material radiation safety assesment? Andrzej Solecki, K. Nowak, 
W. Śliwiński, D. Tchorz-Trzeciakiewicz, University of Wrocław, 
Institute of Geological Sciences, Poland  
The aim of the present study was to compare the effectiveness of in 
situ gamma spectrometric method with traditional laboratory 
techniques for evaluation of  building material radiation safety. 
National and international safety standards are based on the 
assumption that the effective dose should not exceed 1 (in some 
countries 2) mSva-1 limit. Safety assessment of building materials is 
based on laboratory measurements of activities of natural 
radionuclides: K (40K), U (214Bi), Th (208Tl)  and their combination 
in form of radium equivalent or external dose index. Internal dose 
index (derivative of radium activity) is used for evaluation of risk 
connected with radon alpha radiation. Gamma dose rate, K, U and Th 
content of building stones and bricks was measured by means of 
portable RS230 gamma spectrometer with new generation BGO 
detector. Measurements were performed in storage piles of quarries 
and in existing buildings. Polish national standard F1 index of external 
dose limit and F2 internal exposure limit have been calculated. 
Simultaneously, gamma dose rate have been measured by means of 
EKO-D radiometer. Results have been compared with laboratory 
analyzes of collected samples performed by CLOR according to 
accepted national standards procedures resulting in analogous 
parameters: radionuclides content and F1, F2 indices. Obtained results 
indicate that accuracy of  in situ  gamma spectrometric results is 
comparable with laboratory ones, but single in situ measurement can 
be completed within 3 minutes, is significantly cheaper and faster than 
laboratory analysis. Such a measurement is representative for the 
significant amount (ca few hundreds kilograms) of tested material. 
Time and cost reduction enables numerous measurements, what is 
especially important in the case of naturally variable building 
materials exploited in large quantities. In many cases, simple gamma 
dose rate measurement performed by inexpensive radiometer may be 
sufficient for the safety assessment of the building material. Obtained 
results provide justification for modernization of existing standards by 
including in situ gamma spectrometric methods. 
Research was funded by: Europejski Funduszu Rozwoju 
Regionalnego w ramach Programu Operacyjnego Innowacyjna 
Gospodarka Priorytet 1 - Badania i rozwój nowoczesnych technologii, 
Poddziałanie 1.3.1 - Projekty Rozwojowe Strategie i scenariusze 
technologiczne zagospodarowania i wykorzystania złóż surowców 
skalnych 
 
POS23-68. Time variation in equilibrium factor for radon decay 
products in cave dwellings in Gansu province, China. Atsuyuki 
Sorimachi1, S. Tokonami1, T. Ishikawa2, M. Janik2, K. Iwaoka2, S. K. 
Sahoo2, S. Yoshinaga2, H. Yonehara2, K. Sakai2, S. Akiba3, Q. Sun4, 1: 
Hirosaki University, Japan 2: NIRS, Japan 3: Kagoshima University, 
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Japan 4: National Institute for Radiological Protection and Nuclear 
Safety, Japan 
 
Radon (222Rn) and its progeny in air are the most important 
contributors to human exposure from natural radiation sources. 
Although residential 222Rn was regulated by an action level of 222Rn 
concentration between 200-600 Bq m-3 based on ICRP 
recommendations, in recent years it has been observed that an increase 
in lung cancer risk even with exposure levels below 200 Bq m-3. In 
view of such scientific data, WHO proposes a reference level of 100 
Bq m-3 to minimize health hazards due to exposure to indoor222Rn. 
Estimation of annual effective dose due to 222Rn and its decay 
products is based on dosimetric parameters, such as 222Rn 
concentration, equilibrium factor, occupancy, and dose conversion 
factor. There are many cave dwellings in the Chinese loess plateau in 
which the 222Rn concentration appears to be high. This study describes 
time variations in dosimetric parameters such as 222Rn concentration, 
equilibrium equivalent 222Rn concentration (EERC) and subsequently 
equilibrium factor (F) in cave dwellings in Gansu province, China. 
  In this study, five houses in one village were investigated for 
radiation measurements. The cave dwellings consist of one room with 
a single entrance and two windows at the front side. Measurements 
were made at the end of July (no heating season) 2010. The 222Rn 
concentration and EERC in cave dwellings were monitored every one 
hour in a day. In most dwellings, tendency to increase in the nighttime 
was discernible for 222Rn concentration and EERC, which were 
observed to be more than 500 Bq m-3. In these dwellings, the F in the 
nighttime seemed to be larger than that in the daytime. As an example 
of one investigated house, the values of F ranged from 0.3 to 0.9, and 
consequently, the corresponding average was 0.7, which was larger 
than a value of 0.4 recommended by UNSCEAR. Thus estimating 
annual effective dose due to222Rn and its decay products, the use of F 
based on UNSCEAR recommendations may not be reasonable in the 
dwellings where the measurements were made in this study. To obtain 
a clear solution for this question, further experiment would be 
necessary. 
 
POS23-69. Monitoring and assessment of occupational radiation 
exposure in non-uranium mines in China. Xu Su, Y. Ji, Q. Sun, 
National Institute for Radiological Protection, China CDC, China 
 
There are approximate four millions employees working currently in 
the non-uranium mine in China. This work is to investigate and assess 
the radiation exposures to the nationwide miners. 
We performed a survey including 2836 miners who are employed in 
selected 44 mines of 17 different categories in 12 provinces. The 
levels of radon and thoron of these selected mines were determined by 
integrated detectors. An environmental and personal detector was used 
to monitor external radiation and the radioactive levels of 32 ore 
samples were measured by HP Ge gamma-ray spectrometry. Scoring 
of chromosome aberrations and ICP-MS analyses of hair/nail samples 
of miners exposed to high radon are presented. 
The data shows that the level of radon in 15 percent of the selected 
mines exceeded 1000Bq m-3 (national action level of radon in 
workplace) and in 7 percent was over 3700Bq m-3. The equilibrium 
factor ranged from 0.1 to 0.6. The exposure dose of external radiation 
to miners was lower than 1 mSv/a in most of the non-uranium mines. 
Chromosome aberration was observed in those employees working in 
high radon environment and risk of developing lung cancer in these 
miners was evaluated. 
Employees worked in coal mine were protected from radon radiation 
with well equipment. However miners who were employed in 15 
percent non-uranium mines with high level of radon have high risk to 
suffer lung cancer without occupational protection. There is an urgent 
need to establish effective regulation to control the external 
radioactive level and effective method to protect the miners who are 
working in high radon environment 
 
POS23-70. Exposure to UVA/B, gamma-, and cosmic types of 
radiations alter vitamin A1 metabolism and up-regulate vitamin 
A2 biosynthesis in cultured human keratinocytes. Juliana Tafrova1, 
M. Simon1, S. Tafrov2, 1: Stony Brook University, USA 2: 
Brookhaven National Laboratory, USA 
 
The skin, which serves as a barrier against environmental insults, is 
the largest organ in the human body, and thus, accounts for most of 
the radiation exposure of astronauts during space explorations. The 
epidermis, the top layer, is one of the many target tissues of Vitamin 
A. This vitamin and its metabolites (retinoids) play an important role 
in the normal homeostasis and differentiation of the epidermis, and 
serve as a signaling molecule that modulates the skin‘s response to 
environmental insults. Retinoic acid (RA), the active form of Vitamin 
A, regulates the expression of pro-apoptotic genes, and sensitizes 
keratinocytes (Kc) to apoptosis and thus, prevents the development of 
nonmelanoma skin cancers after radiation exposure. On the contrary, 
the retinoids also might limit radiation-induced apoptosis by 
restricting oxidative stress via Stra13 that controls the cellular 
sensitivity to reactive oxygen species (ROS) and functions in cell-
cycle arrest and apoptosis.Besides the RA, human Kc uniquely can 
convert Vitamin A1 to A2, and then into its active form 3,4-
didedydroretinoic acid (3,4-ddRA). In vitro and in vivo studies 
showed that the biological potency of 3,4-ddRA is similar to that of 
RA. Retinoids exert their function in a very narrow nM concentration 
range and thus, changes in the concentration of the active metabolites 
in the epithelial cells, or selective alterations of the expression of the 
retinoid receptors therein can differentially regulate the outcome of 
radiation exposures, leading to either cell survival or death depending 
on the severity of the damage.This study utilized in vivo and in 
vitro analyses of retinol metabolism in normal and malignant human 
Kc. Our preliminary data demonstrated that Vitamin A2 synthesis is 
upregulated after exposure to UVA, UVB, gamma-rays, and helium 
and neon ions. Furthermore, we showed that both Vitamin A1 and A2 
reduce UV-induced apoptosis; Vitamin A2 was the more effective 
one. Our data also showed that 40% of A2 retinoids are protected 
from the effects of exposure to UVB photodecomposition. After 
irradiation, this pool might be accessed to lessen the oxidative stress. 
Our study can provide essential information for understanding the 
skin‘s responses to different types of radiation that will be invaluable 
in the development of accurate countermeasures. 
 
POS23-71. Radiation-induced lung injury. Raziyeh Tahamtan1, G. 
H. Hadadi2, A. Shabestani Monfared1, 1: Babol University of Medical 
Sciences, Iran 2: Fasa University of Medical and Paramedical 
Sciences, Iran 
 
Radiation-induced injury to the lungs is well recognized as a potential 
complication in the treatment of patients with carcinomas of the 
breast, lung, or esophagus; lymphomas; or other mediastinal 
neoplasms.. The risk of radiation-induced injury is directly related to 
the volume of irradiated lung . The distinction between two separate 
types of radiation-induced lung injury, radiation pneumonitis and 
radiation fibrosis, was made in 1925.It is manifested as two distinct 
phases: an early phase characterized as radiation pneumonitis (RP) 
and a late phase of pulmonary fibrosis which subsequently develops. 
Most radiation pneumonitis occurs up to ~2 months after completion 
of the radiotherapy course and is considered to be an acute-phase 
response(in 20% patients) thereafter it is a common complication that 
affects a patient‘s quality of life. risk of developing radiation 
pneumonitis, including radiation dose , volume of irradiated lung , 
mean lung dose , fractionation schedule and dose rate , and application 
of concurrent chemotherapy.In most patients, radiation pneumonitis 
involves a mild change while in some it develops into diffuse 
widespread pneumonitis affecting the contralateral lung, leading to 
progressive respiratory insufficiency. Radiation pneumonitis is 
characterized by enlargement and atypia of type II pneumocytes, 
alveolar wall edema, infiltration of inflammatory cells in the 
interstitium, aggregation of alveolar macrophages and hyaline 
membranes lining the alveolar ducts and alveoli.Fibrosis typically 
evolves within the next two years and usually remains stable Fibrosis 
is an accumulation of fibrin and atypical fibroblasts in the interstitium. 
RESULTS: 
Although new modalities such as IMRT and stereotactic body 
radiation therapy provide new treatment options and Several 
radioprotectors have also been evaluated to reduce radiation injuries in 
animals and humans, such as amifostine melatonin and vitamins like 
E, C and A, but also pose new challenges in safely delivering thoracic 
RT. 
KEYWORDS: radiotherapy, radioprotector, lung tissue 
 
POS23-72. Radioactive compounds produced in a medical 
cyclotron and radioactivity in the surrounding concrete. Yasuyuki 
Takahashi1, K. Saito1, H. Shimada2, N. Oriuchi2, I. Yamaguchi3, 1: 
Gunma Prefectural College of Health Sciences, Japan 2: Gunma 
University Graduate School of Medicine, Japan 3: National Institute 
of Public Health, Japan 
 
We estimated the level of radioactivity in a medical cyclotron and the 
surrounding concrete wall. The cooling period to attenuate residual 
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radioactivity was 9 months. A hollow ionization chamber-type survey 
meter was used to measure radioactivity distributed on the surface. 
The space dose rate distribution was measured with a glass dosimeter. 
A Ge detector was used to analyze the gamma-ray spectrum of the 
medical cyclotron and the surrounding inner concrete wall. This 
cyclotron was made by the Japan Steel Works. Total beam time was 
about 6,776 hours for the 24 years of operation. The main accelerated 
particle was proton, and the maximum energy of proton was 17 MeV. 
As a result, radioactivity was identified in the whole cyclotron. 
Gamma-ray spectrometry of the stainless steel part of the cyclotron 
identified three long-lived radioactive nuclides (54Mn, 58Co, 60Co). The 
surface dose rate measured 14.0μSv/h at a distance of 10 cm. In 
addition, the space dose rate measured in 28 places at 1m intervals 
within the cyclotron room was 0.1～1.0μSv/h. Seven long-lived 
radioactive nuclides (22Na, 46Sc, 54Mn, 60Co, 65Zn, 134Cs, 152Eu) were 
identified by gamma-ray spectrometry of the surrounding concrete 
wall. Residual long-lived radioactivity was detected in the whole room 
and it had a high value near the target box of the wall and the floor. 
Natural radioactive nuclide 40K also had the highest count near the 
target box of the wall and the floor (60Co and152Eu. respectively). 
Concrete walls of the medical cyclotron were radio-activated during 
its operation. The fast neutron deviates the target and the thermal 
neutron 18O(p，n)18F nuclear reaction produces radioactivity on the 
surface and inside concrete. The specific activity at the surface was 
greater than acceptable levels of radioactive waste indicated in IAEA 
RS-D-1.7. It is suggested that before decommissioning the facilities, 
the results of this study should be used to determine future policy for 
radioactive ray security management and building design. 
 
POS23-73. Biokinetics analyses by using developed calculation 
code based on ICRP models for application to internal exposure in 
practical situations. Kotaro Tani, T. Kosako, The University of 
Tokyo, Japan 
 
The impact of internal exposure is evaluated by effective dose 
contrary to external exposure, in which the radiological impact is 
evaluated by simple and reliable operational quantities in practical 
situations. Sophistication of internal exposure evaluation is required to 
evaluate effective dose taking into account various aspects of internal 
exposure such as the biokinetics of intaken radionuclides and detailed 
conditions of intake. Therefore, in this study, a versatile calculation 
code is newly developed to apply the biokinetics to internal exposure 
evaluation. The biokinetics was analyzed by solving the simultaneous 
differential equations based on the latest biokinetics models by the 
Runge-Kutta method. The biokinetics models included to the code 
were the Human respiratory tract model (HRTM) and the Human 
alimentary tract model (HATM) recommended by ICRP (The 
International Commission on Radiological Protection). These models 
cover radionuclide transfer from intake by inhalation to release by 
exhalation, excretion to feaces or transfer to blood. Nuclide specific 
biokinetics data and models were applied to the analyses after 
deposition of nuclides to blood. This time, time dependent behavior of 
nuclides typically observed in commercial nuclear power plants such 
as Iodine and those in nuclear fuel reprocessing plants such as 
Plutonium were calculated. The calculated radionuclide depositions in 
each organ as functions of time elapsed after intake are presented on 
the default conditions of AMAD (Activity Median Aerodynamic 
Diameter), lung absorption type, gut absorption function and transfer 
coefficients recommended by ICRP. They should be useful for the 
measurements of internal exposure and for establishing protocols of 
internal exposure evaluation in practical situations. 
 
POS23-74. Analysis of the biological effects and dosimetery of 
high-energy neutrons traversal through water. Corey Theriot1, B. 
Gersey2, Y. Zhang3, R. Wilkins2, H. Wu1, 1: NASA - Johnson Space 
Center, USA 2: Prairie View A&M University, USA 3: Wyle 
Laboratories, USA 
 
The space radiation environment is comprised of high charge and high 
energy (HZE) particle radiation which readily produces secondary 
radiation (i.e. neutrons) as it passes through material.  These 
secondary particles are often more damaging than the primaries such 
as with neutrons that have a high relative biological effectiveness and 
are difficult to effectively shield.  One of NASA‘s interests is in 
studying materials and methods to shield astronauts and reduce the 
effects of space radiation when on the surfaces of the Moon and 
Mars.  Water is often proposed as an element in future habitat 
shielding designs for long duration planetary missions because of its 
high hydrogen content and recently confirmed in situ availability.  In 
addition, the density of water (1g/cm3) is nearly that of most 
biological tissue providing a rough model to investigate the effects of 
high energy neutrons as they traverse the human body.  The neutron 
radiation shielding effectiveness of water was studied using confluent 
human fibroblast cells (AG01522) exposed to a beam of high-energy 
spallation neutrons (≤ 800 MeV/n) at the 30°-left beam line (ICE 
house) at the Los Alamos Neutron Science Center.  At this angle, the 
radiation spectrum mimics the energy spectrum of secondary neutrons 
generated in the upper atmosphere or encountered when aboard 
spacecraft and high-altitude aircraft as well as the albedo production 
from the Moon‘s surface.  Cell samples were exposed in series 
directly to the neutron beam (0.1 & 0.2 Gy) in T-25 flasks completely 
filled with either media or water up to a depth of 20 cm to test 
shielding effectiveness versus depth and investigate the possible 
influence of secondary particle generation.  All samples were sent 
directly back to JSC for sub-culturing and micronucleus (MN) 
analysis.  Our results showed a decrease in MN formation beginning 
at 4 to 5 cm of water with a significant reduction at 10 cm before 
reaching a plateau of approximately 40% of the unshielded MN 
formation. We performed a dose response at the 10 cm depth and 
determined that the biological effect was diminished by a factor of 3.5 
based upon the slope of the lines.  We also conducted 
microdosimetery using a tissue equivalent proportional counter 
(TEPC) and calculated the absorbed dose and dose equivalent at each 
depth as well as characterizing the differential neutron spectrum.  This 
presentation is of work performed at NASA-JSC in collaboration with 
the NASA sponsored Center for Radiation Engineering and Science 
for Space Exploration (CRESSE) at Prairie View A&M. 
 
POS23-75. Mitigation of the hemopoietic and gastrointestinal 
syndromes by Rx100 treatment. Gabor Tigyi1, G. Tigyi2, W. Deng3, 
V. Gududuru3, W. Shannon McCool1, D. D. Miller1, L. R. Johnson2, 
K. Emmons-Thompson5, C. Ryan Yates2, L. Balazs2, E. Tolley2, T. 
MacVittie3, Y. Geng3, K. Van Rompay4, 1: University of Tennessee, 
USA 2: University of Tennessee Health Science Center Memphis, 
USA 3: RxBio Inc., USA 3: University of Maryland Baltimore, USA 
4: California National Primate Research Center Davis, USA 
 
Rx100 is a small molecule metabolically-stabilized agonist of the 
lysophosphatidic acid receptors. To test the effect of Rx100 in 
radiation injury models the C57BL/6 Mouse abdominal (ABD) GI-
ARS model with chest, head and legs shielded (LD50/8-12 ~ 15 
Gy, 137Cs ~260 cGy/min) and C57BL/6 Mouse TBI, H-ARS model 
(LD80/30 dose 6.5 Gy, 
137Cs at ~320 cGy/min) were applied. Efficacy 
testing was done using single dose Rx100 treatment administered at 
+24, 48, and 72 hour post-irradiation.  PK and efficacy was also 
determined in Macaca mulatta (+/- irradiation, LINAC, 11.5 – 12.5 Gy 
PBI with 5% BM shielding, PBI/BM5).  Multiple biomarkers and 
histological parameters were analyzed. A single dose of Rx100 
administered up to 72 h after irradiation increased survival by a ≥40% 
in C57/BL6 exposed to an H-ARS LD80/30 TBI.  Rx100 treatment 
improved white blood cell and platelet counts. In the ABD GI-ARS 
model, Rx100 increased survival by ≥40% and showed a DMF of 
1.2.  Rx100 treatment increased crypt survival, protected carrier-
mediated glucose absorption, and prevented endotoxemia. Rx100 was 
non-toxic at doses that are 50-100-fold higher than the effective dose. 
In nonhuman primates (NHP), Rx100 exhibits linear pharmacokinetics 
following S.Q. administration at doses ranging from 0.3 mg/kg to 3 
mg/kg. Rx100 systemic exposure and half-life following S.Q. 
administration in irradiated NHPs were significantly different when 
compared to unirradiated NHPs.  In NHP Rx100 treatment improved 
crypt survival.  One striking feature in Rx100 treated NHP was the 
sparing of the duodenal Brunner glands that showed radiation-induced 
atrophy and fibrosis at 35 days postirradiation in placebo-treated 
NHP.  Protection of the Brunner glands by Rx100 might play an 
important role in preserving bicarbonate secretion in the duodenum 
and restoring the digestive function in the small intestine. 
 
POS23-76. Polymer complexes of WR2721 and their 
radioprotective efficiency. Ivelina Tsacheva1, N. Koseva1, K. Troev1, 
S. Topalova2, R. Georgieva2, 1: Institute of Polymers, BAS, Sofia, 
Bulgaria 2: National Center of Radiobiology and Radiation Protection, 
Sofia, Bulgaria 
 
This study describes synthesis, characterization and the evaluation 
of  radioprotective efficiency of newly synthesized polymer 
complexes of WR2721 – the most recent chemical radioprotector to 
become available clinically. Several studies have demonstrated that 
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amifostine protects normal tissue from both acute and late radiation 
damage without protecting the tumor, i.g. amifostine is a selective 
cytoprotector of normal tissues. The polymer complexes were 
constructed from WR2721 and poly(hydroxyoxyethylene phosphate) 
via ionic bond or poly(methyloxyethylene phosphate) via hydrogen 
bonding. Polyphosphates are obtained from of poly(oxyethylene H-
phosphonate) - biodegradable, hydrophilic with IC50 = 1000 mg/kg, 
that contain PEG moieties and suitable multifunctional sites for 
immobilization. Poly(oxyethylene H-phosphonate)s are especially 
attractive materials due to the relative easiness of their preparation 
from commercially available building blocks, the variety of molecular 
weights attainable and the relatively narrow molecular weight 
distributions of the polymers formed. The structure of the complexes 
formed is elucidated by 1H-, 13C, 31P NMR and FT-IR spectroscopy. 
The radioprotective activity in respect to the type of the carrier and the 
bond character of the drug-polymer complexes has been evaluated by 
the following parameters - Protective Index, Therapeutic Index, and 
Dose Reduction Factor. The polymer complexes show significant 
radioprotection efficiency when compared to the basic components. 
When WR2721 is immobilized on poly(hydroxyoxyethylene 
phosphate), the polymer complex has the highest protective activity, 
as is demonstrated by Protective Index (the calculated values are 
14.04 and 17.78 for active agent equivalent doses of 50 mg/kg and 
200 mg/kg, respectively), and low toxicity (the value of Therapeutic 
Index - 9.36). The results obtained are rather promising and further 
investigations on the mechanism of action and application schemes of 
WR2721 polymer complexes are in progress. 
Correspondence to: Ivelina Tsacheva (E-mail: 
ivelina_772000@yahoo.com) or Kolio Troev (E-mail: 
krtoev@polymer.bas.bg) 
Acknowledgement: This investigation has been financially supported 
by Bulgarian National Science Fund: DCVP 02/2 (2009) National 
Centre for New Materials UNION. 
 
POS23-77. Measurements and Monte Carlo simulations of 
neutron production at a medical accelerator. Eleni Vagena, M. 
Manolopoulou, Aristotle University Thessaloniki, Greece 
 
Electron accelerators are being routinely used for cancer treatment. 
Due to high operational energy (up to 25 MeV), a significant number 
of neutrons is created by (γ,n) reactions when high energy photons 
interact with the materials of the accelerator head. Neutron leakage 
radiation reaches the patient, contributing additional unwanted dose to 
the patient and thus the total neutron fluence must be measured 
precisely. Neutron activation detectors are one of the best options for 
the measurement of the leaked neutrons, yet the majority of previous 
studies are calculating neutron fluencies with Monte Carlo 
simulations. Usually gold and indium are used as activation detectors 
in experimental studies. 
In this preliminary work, we measured neutron fluencies with neutron 
activation technique. The LINear ACcelerator (LINAC) under 
consideration is a 18 MeV Varian Clinac 2100C electron accelerator 
operating at Papageorgiou Hospital, Thessaloniki, Hellas. We 
measured the total neutron and photon fluence at the isocenter within 
a 10x10 cm2 X-ray field by nickel, indium, and natural uranium 
activation foils. All foils returned comparable results. For instance, the 
total neutron fluence derived from indium foil is 7 x 106n/cm2/Gy. 
This number is in the range with other studies of similar accelerators. 
The results of our Monte Carlo simulations, which replicate the 
experimental set up, are presented and discussed. 
 
POS23-78. Internal radiation doses of the public around Tianwan 
nuclear power plant caused by intake of uranium and thorium 
radionuclide. Jin Wang, Jiangsu Provincial Center for Disease 
Control and Prevention, China 
 
Purpose: There are about 1.08 million permanent residents in the 
range of 30km away from Tianwan Nuclear Power Plant (TNPP). To 
analysis the diet structure and to estimate the internal radiation dose of 
Residents in vicinity of TNPP before its commercial operation within 
the area of 30km, to provide scientific base for evaluation the impact 
of nuclear power plant radiation on residents. 
Method: Survey target group are those local residents living in the 
range of 30km away from TNPP over 6 months. The actual effective 
number is 19,138. Stratified random sampling method was adopted. 
The survey includes basic personal circumstances and the diet. 
According to the Food Category Principle and Internal Radiation Does 
Estimation Method in UNSCEAR 2000 report, the consume amount 
of public milk products, meat products, grain products, leafy 
vegetables, root vegetables and fish products in different survey areas 
and of population categories are calculated. the concentration of 
uranium and thorium series radionuclides was Calculated, and internal 
radiation dose was Analysed using dose conversion factors. 
Result: According to the survey result, Fishermen consume much 
more fish products and grain products than the rest of the population, 
while urban residents consume more milk products. Milk products 
consuming are increasing in line with the distance increasing, but the 
fish products and grain products consuming is decreasing contrarily to 
the distance increasing. Public around TNPP consume more grain 
products , leafy vegetables and fish products, compared to the world 
average food consumption. Committed dose equivalent is 691μSv•a-
1 to children, the figure is 327μSv•a-1 to adults, 536μSv•a-1 to the 
fishermen. The dose in children and adults living around TNPP is 3.5 
times and 3.0 times of the world average. In the category of adults, the 
internal committed effective dose is decreasing from fishermen to salt 
farmers, urban residents and farmers. 
Conclusion: 210Po, 210Pb and  228Ra are the key nuclides which affect 
the internal radiation dose of by diet fishermen and live on food from 
the outcome, It should be pay more attention for the internal radiation 
dose estimation and evaluation for the fishermen, because of their 
living around the TNPP and the dietary pattern; we should Investigate 
the regular changes of dietary status and recipes, because Dietary 
structural features and some high activity of radionuclides content in 
the food maybe the contributor to the high resident committed dose 
equivalent. 
 
POS23-79. Protective effect of rosmarinic acid on X-ray induced 
developmental toxicity in zebrafish embryos. Zhen-hua Wang1,2, 
Xiao-wei Wang2, Xin Zhou1, Hong Zhang1 , 1: Institute of Mordern 
Physics, Chinese Academy of Sciences, Lanzhou 730000, China; 2: 
School of Pharmacy, Shihezi University, Shihezi 832002, China 
 
Rosmarinic acid (RA) is a natural phenol antioxidant carboxylic acid 
found in many Lamiaceae herbs used commonly as culinary herbs 
such as lemon balm, rosemary, oregano, sage, thyme and 
peppermint[1]. It has proved that RA possesses a number of interesting 
biological activities, e.g. antiviral, antibacterial, antiinflammatory and 
antioxidant. Many studies have shown that in a chemical system 
natural polyphenols can. Zhang Q et al found that RA dould decrease 
the DNA oxidative damage induced by H2O2 in ovary cell lines, which 
might be due to its non-enzymatic fast repair mechanisms[1]. For the 
irraditaion injury in biological system results from the reactive oxygen 
species (ROS) including H2O2, it is supposed that RA may possess the 
radioprotective effect. Here we investigated the protective effect of 
RA on X-ray induced developmental toxicity in zebrafish embryos. 
The AB strain zebrafish embryos (5 hpf) were pretreated with a single 
dose of RA (100 μmol/L), then were exposured to various doses (5, 
10, 15 or 20 Gy) of X-ray irradiation (produced by the Faxitron X-Ray 
Systems, 130 KeV at the dose rate of 1.0 Gy/min). The effects of 
irradiation on embryo‘s development were observed in 3 days after the 
irradiation. Thirty minutes later the irradiation, the nuclear DNA 
damage in zebrafish embryo cells were detected by basic comet 
assay[2] and the mitochondrial DNA (mtDNA) damage were 
measured by quantitative polymerase chain reaction assay[3]. 
Moreover, the ROS levels in embryos were measured by the 
fluorecent probe DCFH-DA. 
All the results were shown in Fig. 1. The X-ray irradiation caused the 
death and the typical malformation changes including tail bending, 
severe spinal distortion, enlarged pericardial sacs and shoter body 
length in zebrafish embryos. The mortality and malformation rates 
increased with the increase of radiation dosage. Furthermore, the X-
ray irradiation induced the serious nuclear DNA damage (indicated by 
the Olive Tail Moment (OTM)), mtDNA damage and the ROS 
formation in a dose-dependent manner in zebrafish embryos. The RA 
pre-treatment significantly decreased the mortality and malformation 
rate, alleviated the nuclear DNA and mtDNA damage and the ROS 
formation. While the single RA treatment didn‘t show any effect on 
the development of zebrafish embryos. 
Our study demonstrated that RA pre-treatment dramaticly protected 
the zebrafish embryos from the X-ray irradiation injuries. The 
protective effects might be due to its protection on nuclear DNA and 
mtDNA damage. 
Acknowledgements 
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Tab.1 Protective effects of rosmarinic acid pre-treatment on 




aP<0.05, bP<0.01 vs control group; cP<0.05, dP<0.01 vs the same 
dosage X-ray irradiation group. 
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POS23-80. Appraising of existed alarming algorithms to monitor 
a mobile object radioactivity. Feng Wang1, Z. Wang2, S. Wang2, 1: 
Solid Domistric Detector and Method Laboratory, China 2: Solid 
Dosimetric Detector and Method Laboratory, China 
 
Control over the transportation of the radioactive materials crossing 
the international borders is actually today not like before because of 
increased threat of terrorism and urges of terrorist organizations to use 
radioactive materials in their terrorist activities. 
There are many radiation control systems based on the principles of 
intensity comparison for radiation detected by the system in the 
absence of control object and the intensity of the radiation when 
object appears. This method works well only in the conditions of 
constant or weakly changing background. However, at significant 
deviation in the value of background the number of false alarms set 
off by the systems increases. 
This paper introduces one system for appraising of alarming 
algorithms and compares with some existed quantificational alarming 
algorithms by computer simulation experimentation in the same 
condition based on collecting the data of experimentation. The new 
alarming algorithm to monitor the mobile object radioactivity, 
different from the ordinary alarming algorithm in theory, is also 
introduced in this paper. It is appraised for existed alarming 
algorithms to monitor the mobile object radioactivity based on theory 
for applying. 
Keywords: alarming algorithm  radioactivity  SPRT  NBR 
 
POS23-81. Commenting on the threat from a radiological 
dispersal device. Shanqiang Wang, F. Wang, J. Feng, Solid 
Dosimetric Detector and Method Laboratory, China 
 
The event of 11 September 2001 has deeply changed the international 
relation and people‘s life, which shows that the terrorism has form a 
threat for global peace and stability. Countering and treating nuclear 
and radiological terrorism events is one important aspect in all kinds 
of possible terrorism event responses that are the emphasis issues for 
all state governments and publics to attend. The new international 
convention has defined the crime action of a nuclear and radiological 
terrorist as ―with the aim of resulting in person casualty and/or 
properly and environmental damage illicitly and intentionally possess 
of (or attempt to possess of) and use (or attempt or threaten to use) the 
radioactive material (nuclear material and other radioactive substance) 
or device, as well as employ and defeat a nuclear facility to cause 
release of radioactive materials‖. The potential nuclear and 
radiological terrorist attack mainly includes three types, the first of 
which is a radiological dispersal device (RDD), specially is the 
explosive combined with radioactive material called ―dirty bomb‖ to 
cause widely environmental radioactive contamination. The second is 
to attack on nuclear facilities such as the nuclear reactor and the 
storage pool for spent nuclear fuel in a nuclear power plant (NPP), 
reprocessing facilities, traffic vehicle and disposal sites for radioactive 
waste resulting in radioactive source term releasing and environmental 
contamination. Thirdly to construct and detonate an improvised 
nuclear device (IND) or it is not excluded to use a stealing nuclear 
weapon for a low yield ground nuclear explosion resulting in the 
tragic consequence of combined injury mainly from the initial nuclear 
radiation and the radioactive contamination. If an IND is not 
successful, its chemical explosion will lead to an environmental 
radioactive contamination likely as a ―dirty bomb‖ does. 
Because of the weaknesses in safety and security management of 
radioactive sources production, storage, transport, use and disposed in 
our country, which make the potential threat of ―dirty bomb‖ more 
possible. The most potential threat currently is to disperse radioactive 
substance in a city area, certainly not excluding the likelihood of other 
terrorism events. This paper is intended for analyzing the 
characteristics for the terrorism events of dirty bomb firstly, and then 
discussing the origin material for RDD, at last supplying briefly the 
consequence coming from a RDD attack. 
Key words： nuclear and radiological terrorism   radioactive dirty-
bomb   radiological injury  
 
POS23-82. The rate of the micronucleus and HPRT gene mutation 
in peripheral blood lymphocytes of inhabitants around Tianwan 
nuclear station. Du Xiang, Jiangsu Province Center for Dieases 
Control and Prevention, China 
 
The aim of this research is to establish the datebase and get the 
background information of the micronucleus and HPRT gene mutation 
rates in peripheral blood lymphocytes of inhabitants around Tianwan 
nuclear station. Stratified cluster random sampling was used to get the 
sample of the inhabitants. According the distance from the village 
they lived to the plant, we classfied the 631 inhabitants to 4 groups:1-
4 km group; 5-8km group; 9-15km group and 16-30 km group. Every 
investigate spot is selected by simple random sampling method. The 
results showed that the male inhibitant had a micronucleus rate of 
4.0±2.15‰ and the HPRT gene mutation rate of 0.8646±0.45‰. 
Micronucleus rate of the female is 5.15±2.69‰, HPRT gene mutation 
rate is 0.8880±0.60‰. Average micronucleus rate of all 631 
inhibitants is from 4.22‰ to 5.26‰, and average HPRT gene 
mutation rate is from 0.6184‰ to 1.0319‰. Micronucleus and HPRT 
gene mutation rate showed their perspective in radiological research, 
and it‘s important for us to get the background datebase of 
micronucleus and HPRT gene mutation rate in correctly evaluating the 
expose dose of inhabitants around nuclear station or estimation 
exposure dose under accidental circumustance 
 
POS23-83. Attenuation of oxidative stress-induced cellular 
damage by baicalein (5,6,7-trihydroxyflavone) via antioxidant 
effects. Rui Zhang, M. Jing Piao, K. Cheon m, A. Daseul Kim, J. Won 
Hyun, School of Medicine, Jeju National University, South Korea 
 
Baicalein (5,6,7-trihydroxyflavone) is a phenolic flavonoid compound 
derived mainly from the root ofScutellaria baicalensis Georgi, a 
medicinal plant traditionally used in oriental medicine. Ionizing 
radiations produce reactive oxygen species (ROS) or related radicals, 
resulting in cellular and tissue damages. In our previous study, 
baicalein attenuated mitochondrial oxidative stress by 
scavenging reactive oxygen species and by induction of NF-E2-related 
factor 2 transcription factor-mediated manganese superoxide 
dismutase. In present study, the protective effects of baicalein against 
oxidative stress-induced damage, especially cellular components 
including DNA, lipid, and protein, were studied. The results of this 
study showed that baicalein scavenged intracellular ROS. Baicalein 
inhibited the oxidative stress-induced DNA damage that was 
demonstrated by decreased phospho-H2A.X expression and DNA tail 
formation. In addition, it prevented the lipid peroxidation shown by 
the fluorescence intensity of diphenyl-1-pyrenylphosphine and the 
formation of thiobarbituric acid reactive substances. Moreover, 
baicalein inhibited the protein oxidation demonstrated by protein 
carbonyl formation. Furthermore, baicalein protected cells via the 
inhibition of apoptosis induced by oxidative stress. The findings of 
this study suggest that baicalein provides protection of cellular 
components against oxidative damage via scavenging ROS and 
inhibiting apoptosis. 
 
POS23-84. Insulin-like growth factor 1 mitigates against lethal 
irradiation and enhances hematologic and immune recovery in 
mice. Dunhua Zhou, D. Deoliveira, Y. Kang, S.S. Choi, N.J. Chao, 
B.J. Chen, Division of Cellular Therapy/BMT, Duke University 
Medical Center, Durham, NC, USA 
  
Background and Hypothesis: IGF-1 has direct proliferative effects on 
hematopoietic stem/progenitor cells and therefore can be applied to 
accelerate hematopoietic recovery post- radiation exposure.  
Specific Aims: To determine the ability of recombinant human IGF-
1to mitigate against radiation injury in mice. 
Methods: BALB/c mice were lethally irradiated (7.5 Gy) and injected 
with one dose (500 mcg) of IGF-1 subcutaneously within one hour 
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post irradiation. Survival and hematopoietic and immune recovery 
were monitored over time. 
Results: IGF-1 protected12 out of 20 BALB/c mice (60%) from lethal 
irradiation while only 6 out of 30 mice (20%) survived in the saline 
control group (P=0.02). Similar effects were observed in senior 
BALB/c mice (9-12 months old, 67% vs 20%, P=0.069), in the mice 
receiving higher dose (8.5Gy) of irradiation (median survival time: 12 
days vs. 14.5 days, P=0.02), or when the treatment was delayed up to 
6 hours post irradiation (60% vs. 20%, P=0.004). Compared with the 
saline control group, IGF-1 significantly increased the numbers of 
total bone marrow cells (10.7±3.3x106 vs. 5.9±2.4x106, P=0.008) and 
hematopoietic stem cells (374±317 vs. 52±52, P=0.02) per femur 
when measured at day +14 post irradiation. The recovery of total 
white cells, CD4 and CD8 T cell subsets, B cells, NK cells, NKT cells 
post radiation exposure were significantly higher in the IGF-1-treated 
mice compared with the saline controls (P<0.05) when measured at 
day +56 post irradiation. In vitro study demonstrated that IGF-1 
significantly stimulated the expansion of bone marrow progenitor cells 
(3.5 fold increase compared with the medium control, P=0.006) after 
irradiation (3.5 Gy), suggesting the effects of IGF-1 are at least at the 
hematopoietic progenitor level. 
Conclusions: Our data demonstrate that IGF-1 promotes 
hematopoietic recovery and immune recovery post the exposure of 
ionizing radiation and mitigates against the mortality from lethal 
irradiation even when administered after exposure. 
 
POS23-85. Antioxidant properties of Withania somnifera and in 
vivo screening of radioprotective ability against oxidative stress in 
gamma irradiated rats? Deepti Bhatnagar, School of Biochemistry, 
Devi Ahilya University, India  
 
The in vitro antioxidant properties of Withania somnifera extract 
(WSE) were studied through various methods like free radical 
scavenging activity (FRSA) by using 1,1,2,2-diphenyl-p-picryl 
hydrazyl (DPPH), total antioxidant  power (TAP) using Ferric 
reducing antioxidant power (FRAP), total phenolic content (TPC) and 
metal chelating activity (MCA). The result showed that WSE has 
strong antioxidant properties like FRSA (24 %), TAP (1.01 µM/g), 
TPC (1.4 mg/g) and MCA (81 %) respectively.  The WSE was further 
evaluated for the radioprotective ability by survival studies on rats. 
WSE (20 mg/kg body wt.) was administered (i.p) to rats for 5 days 
prior to whole body gamma irradiation exposure at 10 Gy and survival 
was observed for 30 days. Radiation exposure caused the symptoms of 
severe radiation sickness and all the animals died within 13 days in 
gamma irradiation, while WSE pretreatment reduced the symptoms of 
radiation sickness and increased the survival up to 33.3% as compared 
to the gamma irradiated group. 
The radioprotection was also measured by endogenous spleen colony 
forming unit assay (CFU) and by anticlastogenic activity in bone 
marrow cells by micronucleus test in rats exposed to gamma 
irradiation at 6 Gy. WSE administration prior to gamma irradiation 
exposure to rats at 6.0 Gy, resulted in a significantly higher number of 
CFU counts (11.7/spleen) as compared to the irradiated group. There 
was a significant reduction of micronucleus formation in rats 
pretreated with WSE prior to gamma irradiation as compared to the 
concurrent irradiated group. 
 Lipid peroxidation (LPO), antioxidant enzymes like superoxide 
dismutase (SOD), catalase (CAT), glutathione-s-transferase (GST) 
and GSH content in liver and erythrocytes of rats exposed with 
gamma irradiation at 2.0 Gy was also assessed. 
Gamma irradiation exposure to rats at 2 Gy increased LPO and 
decreased the activity of SOD, CAT and GST activity in rat liver and 
erythrocytes. Rats pretreated with WSE with or without gamma 
radiation exposure showed decreased LPO and increased SOD and 
CAT activity while, GST activity was increased in liver but not in 
erythrocytes as compared to gamma irradiated animals. GSH content 
in liver and erythrocyte was increased in irradiated group as well as in 
WSE treated group without or with gamma irradiation. The results 
suggest that pretreatment with WSE prior to gamma irradiation 
exposure prepares the animals to sustain oxidative assault and may 
contribute for the possible radioprotection. 
Key words: Antioxidant, radioprotection, gamma irradiation, 
oxidative stress 
 
POS24 Low dose effects 
 
POS24-01. The analysis of low-dose radiation effects on the non-
traditional animals in vivo. Elena Sarapultseva1, O. Melechkova2, J. 
Malina1, G. Kossova2, 1: Obninsk Institute of Nuclear Power 
Engineering National Nuclear Research University "MEPhI", Russian 
Federation, 2: Moscow State University, Russian Federation 
 
In our studies the effects and some mechanisms of low-dose gamma 
radiation on the crustacean Daphnia magna have been analyzed. 
Given that the LD50 for this species is approximately 100 Gy, one-day-
old daphnids were exposed to 10, 100 and 1000 mGy of acute γ-rays. 
It was found that exposure to the doses of 100 and 1000 mGy 
significantly decreased the survival of irradiated daphnids. Most 
strikingly, the decreased survival of irradiated animals did not show a 
clear dose-response, thus suggesting that the non-targeted effects may 
underlie the observed changes. Significant, up to 20 %, increase of 
reactive oxygen species in daphnids irradiated at doses of 10−1000 
mGy has been observed by means of the polymerization with 
isotope 14С. 
Our data also showed that the observed decrease in survival of 
irradiated animals was attributed to their early aging, thus providing 
an important evidence for the effects of low-dose radiation in vivo on 
early senescence. Overall, the results of our studies have shown that 
dose radiation of 100 and 1000 mGy can result in a significant, up to 
35%, reduction in life span of exposed daphnids. As the majority of 
irradiated daphnids showed reduced viability regardless the dose, our 
data therefore imply the presence of a threshold of dose of low-LET 
exposure capable of impairing the viability of this species. 
In a separate study, we have also analyzed the effects of paternal low-
dose radiation on the offspring of exposed daphnids. It was found that 
parental irradiation significantly affected the survival of first-
generation offspring. Our date also showed that these effects, namely: 
the effectiveness of low doses, dose-independence, reduction of life 
span of irradiated daphnids and preservation of those effects among 
the first-generation offspring cannot be attributed to the segregation of 
radiation-induced deleterious mutations. 
Potential implications of our studies results for the risk assessment of 
low-dose exposure will be discussed. 
 
POS24-02. Low-dose ionizing radiation alters the epigenome of 
the Avy mouse. Autumn Bernal1, D. Huang2, R. Jirtle2, 1: Duke 
University Medical Center, USA 2: Duke University, USA 
 
Epigenetic aberrations disrupt normal development and influence the 
occurrence and progression of numerous diseases. To date, analyses of 
high doses of radiation show that epigenetic disruption occurs and is 
essential for the persistence of radiation-induced genomic instability; 
but the epigenetic response to low-dose ionizing radiation (LDIR) in 
vivo has not yet been defined.  Here we use the viable yellow agouti 
(Avy) mouse, a model shown to be a novel biomarker for identifying 
environmental exposures that can alter the epigenome, to analyze the 
effects of LDIR. We show that LDIR exposure in utero induces 
epigenetic changes in a dose-dependent and sex-specific manner in 
the Avy mouse. 
The Avy mouse was exposed in utero to 0, 0.6, 1.2, 2.5, 5.0, or 10.0 
cGy of acute X-ray irradiation on day 4.5 of gestation. Upon weaning, 
mouse coat color was examined and tail tissue was extracted for 
methylation analysis. Using the Sequenom platform, CpG sites 
upstream of the Avy allele promoter were analyzed. Multifactorial 
ANOVA analyses were performed to look for main effects of dose 
and interactions between dose, sex, and CpG site on methylation 
changes. Chi-square analysis was performed to look at shifts in 
population coat color.  
Analyses of all doses show that the sex of the animal, radiation dose, 
and CpG site interact to affect methylation, with males showing 
greater changes in methylation (ANOVA, p<.0001).  In males, 0.6 
cGy of radiation has no effect on coat color or methylation; 1.2 cGy 
shifts the coat color towards pseudoagouti (X2, p<0.05), but does not 
significantly increase methylation; 2.5 and 5.0 cGy shift the coat color 
to pseudoagouti (X2, p<0.05) and significantly increase methylation 
(ANOVA, p<0.05); 10.0 cGy shifts the coat color to heavily mottled 
(X2, p<0.05), but only increases methylation in 3 CpG sites (ANOVA, 
p<0.05). 
Increased methylation at this allele increases the number of male 
pseudoagouti animals. These animals have been shown previously to 
have lower levels of obesity, cancer, and insulin resistance. Thus, the 
radiation exposure could have beneficial health effects in Avy males. 
Whether other loci are similarly affected is currently being 
determined. Further investigation of additional genes will help to 





POS24-03. Low dose radiation effects on DNA recombination and 
transcriptional control. Benjamin Blyth, R.J. Ormsby, P.J. Sykes, 
Flinders University and Medical Centre, Australia 
 
At low radiation doses, effects on gene regulation may dominate over 
DNA damage and mutation. The pKZ1 transgenic mouse contains an 
inverted E. coli lacZ reporter gene, the expression of which can be 
detected in pKZ1 tissues via X-gal staining. Recombination events 
between immunoglobulin signal sequences flanking the lacZ gene can 
mediate chromosomal inversions that place the lacZ sequence under 
transcriptional control of the avian β-actin enhancer/promoter. Such 
chromosomal inversions can also be detected in pKZ1 tissues and 
cells by PCR, and inversion-dependent lacZ transcripts can be 
measured by RT-PCR. We have confirmed by RT-PCR that 
pKZ1 lacZ gene expression can also be initiated from within the un-
rearranged transgene using a hitherto unidentified cryptic promoter. 
We have previously observed changes in the frequency of X-gal 
positive cells in pKZ1 mouse spleen and prostate, and in a pKZ1 
hybridoma cell line, following low and very low radiation dose 
exposures. Changes in lacZ expression in pKZ1 mouse tissues have 
been observed at radiation doses where other DNA endpoints lack the 
sensitivity to measure a radiation effect. pKZ1 responses have also 
been observed following DNA demethylation in vitro, amifostine 
radioprotector treatment in vivo and etoposide treatment in vitro and in 
vivo. The sensitivity of lacZ expression in pKZ1 mice as an endpoint 
may be the result of detecting subtle changes in gene expression states 
following low dose stress. Preliminary results in pKZ1 hybridoma 
cells treated with etoposide show dose-dependent changes in the 
expression of both lacZ transcript types correlating with X-gal 
staining. We are now investigating how the two lacZ expression 
mechanisms (inversion-dependent and inversion-independent) 
correlate with the radiation-induced changes in X-gal staining using 
real-time quantitative PCR. The sensitivity of pKZ1 lacZ responses to 
low and very low doses of radiation, and adaptive responses observed 
in two-dose protocols, may be explained by radiation dose-dependent 
modulation of the two independent mechanisms, one mediated by 
recombination, the other by regulating the use of alternate 
promoters/transcription start sites. 
This  research  was  funded  by  the  Low  Dose  Radiation  Research  
Program,  Biol.  and Environ. Research, US Dept. of Energy, Grant 
DE-FG02-05ER64104. 
 
POS24-04. Low dose IR-induced IGF-1-sCLU expression: a p53-
repressed expression cascade that interferes with TGFß1 signaling 
to confer a pro-survival bystander effect. David A. Boothman1, D. 
Klokov2, 1: UT Southwestern, USA 2: Radiological Protection 
Research and Instrumentation Branch, Chalk River Laboratories, 
Atomic Energy Canada Limited, USA 
 
Inadvertent exposure of mammalian tissue to low doses of ionizing 
radiation (IR) from remediation of radioactive contaminated areas, 
space travel, radiation accidents, or a dirty bomb explosion represents 
an interesting trauma to an organism. Since not all cells are exposed or 
exposed equally after <10 cGy, possible low dose IR-induced 
bystander effects could seriously impact our understanding of 
subsequent health effects.  To understand the biological responses 
induced after low IR doses, we generated a ‗biodosimeter‘ using the 
human clusterin promoter fused to firefly luciferase (hCLUp-Luc); 
secretory clusterin (sCLU), an extra-cellular molecular chaperone, is 
induced in cells to clear debris.  Low IR doses (>2 cGy) induced 
hCLUp-Luc activity with peak levels noted at 96 h, confirmed by 
Western blotting. Increased doses of IR (>5 Gy) greatly decreased the 
time (~24 h) required for peak CLU transcriptional and sCLU 
expression, and increased response amplitudes. Since sCLU 
expression was stimulated by insulin-like growth factor-1 (IGF-1) but 
suppressed by p53, we examined responses in hCLUp-Luc transgenic 
mice before and after a low IR dose.  Interestingly, specific tissues 
(i.e., colon, spleen, thymus, bone marrow) of female mice induced 
CLU promoter activity more than male mice in response to >10 cGy 
whole body irradiation. Induction in vivowas mediated by Smad 
signaling, presumably by activated transforming growth factor-beta1 
(TGFß1) in vivoafter IR.  Elevated sCLU levels, in turn, suppressed 
TGFß1 signaling, possibly mediating a negative feedback regulatory 
loop to stimulate wound healing and clear cell debris. 
 
POS24-05. Debunking the myth of increased cancer incidence 
attributed to radiation from diagnostic imaging. Mohan Doss, Fox 
Chase Cancer Center, USA 
 
Purpose: Recent publications have raised concerns about the 
increasing radiation dose from diagnostic imaging and the resulting 
enhanced cancer risk based on a linear non-threshold (LNT) 
extrapolation model.  For example, it has been claimed that 0.9% of 
cancers in USA in 2004 may be attributed to prior X-ray scans and 
that approximately 29,000 future cancers can be attributed to CT scans 
performed in 2007. Such publications have received wide publicity in 
popular media and has raised public and government concerns 
regarding medical radiation. The purpose of this work is to show that 
these concerns are unjustified. 
Methods: A two-pronged approach will be taken to debunk the 
myth.  First, the basic assumptions of the LNT model will be analyzed 
to demonstrate the injudiciousness of using the LNT model for 
estimating low dose cancer risk.  Second, a LNT model calculation 
will be performed to estimate the incidence of excess cancers 
attributable to medical radiation, and compared to the native cancer 
incidence rates.  In this model calculation, the per capita medical 
radiation dose is assumed to increase from 0.41 mSv in 1965 to 0.54 
mSv in 1980 and to 3.1 mSv in 2006, with a linear interpolation 
between the years.  The LNT model based excess cancers from this 
medical radiation dose are assumed to be distributed in future years 
using an exponential lag time model.   
Results:  The model calculation shows that as much as 0.5% of 
cancers in 1992 and 1.5% of cancers in 2007 in USA could be 
attributed to past medical radiation.   In contrast, the age-adjusted 
cancer incidence rate in the USA has decreased by ~7% between these 
years. Since there has been ~1.4% year-to-year variation in the 
observed cancer incidence rates, it may not be feasible to detect the 
predicted increase in cancers attributable to medical radiation between 
these years.    
Conclusion: LNT model appears to be unsuitable for estimating low 
dose cancer risk and hence the concerns regarding low dose radiation 
based on LNT appear to be unjustified.  Even if LNT model is 
considered as valid, the predicted increase in cancer incidence appears 
to be within errors of measurement in view of the large observed 
variation in the cancer incidence rates.  Hence, the tremendous efforts 
currently underway to reduce medical radiation dose may not result in 
any measurable health benefit, and should be reconsidered. 
 
POS24-06. Identification of a low dose gene expression signature. 
Jeroen Essers1, D. van Gent1, S. Swagemakers1, P. van Heijningen1, 
G.A. Garinis2, M. Sutmuller3, C. Badie4, R. Kanaar1, 1: Erasmus MC, 
Netherlands 2: Institute of Molecular Biology and Biotechnology 
FORTH, Vassilika Vouton 3: NRG Nuclear Research and consultancy 
Group 4: Centre for Radiation, Chemical and Environmental Hazards 
Radiation Effects Department, Cancer Genetics and Cytogenetics 
Group, Chilton, Didcot , UK 
 
The effects of low and protracted doses of ionizing radiation on 
humans are only partially understood. The shape of the dose response 
curve at low and protracted doses cannot be measured accurately 
using standard epidemiological methods. However, this information is 
needed for rationale policy decisions for setting exposure limits. 
Therefore, we set out to determine a gene expression signature that 
operates at low and intermediate doses using a panel of DNA double 
strand break repair deficient mouse models. 
We developed mouse models that lacked one or both of the major 
DNA double strand break repair pathways (nonhomologous end-
joining and homologous recombination) and compared transcriptional 
responses in these DNA repair deficient mice with normal mice before 
and after irradiation with a relatively low dose of gamma radiation 
(200 mGy). Importantly, the changes in gene expression patterns were 
nearly identical in repair-deficient mice and in irradiated mice. We 
identified a gene expression signature that was very similar, but 
considerably more pronounced (up to 5-fold) in irradiated DNA repair 
deficient mice compared to normal mice, showing that the 
transcriptional responses are indeed caused by the DNA damage 
inflicted by radiation and that DNA repair deficient mice can be used 
as the proverbial ‗canary in the coalmine‘ in the context of low dose 
radiation research. The identified gene expression signature includes 
Gadd45a, Gad45b, MDM2, BAG3, and CDKN1A (p21) and in 
addition allowed the identification of additional genes by correlation 
analysis. Quantitative PCR on irradiated human blood and microarray 
analysis of mouse liver showed very similar results, indicating that 
this response is robust and reproducible. 
We conclude that this transcriptional response can be used as a very 
sensitive read out for low levels of radiation exposure. This will be 
meaningful, as several genes from this signature have functions in 
known pathways that regulate cell proliferation and/or senescence and 
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apoptosis, which are all relevant for carcinogenesis and (tissue) 
aging.  This consistent gene expression signature defines a universal 
marker profile relevant for the general population, providing valuable 
tools for biomarkers, mechanistic understanding, prevention and 
therapy. 
 
POS24-07. What do we know about the genetic effects of low-dose 
ionizing radiation after 25 postChernobyl years? Rose (Roza) 
Goncharova, Institute of Genetics&Cytology, National Academy of 
Sciences of Belarus 
  
The radiation effects of low doses and low dose rates were shown for 
somatic and germ cells of mammals including human. Thus, we have 
revealed the genetic effects of low doses (ranging from close to 
background up to 10 cGy) caused by Chernobyl fallout in laboratory 
mice, bank vole, whose natural populations inhabited various regions 
of Belarus (8 – 1526 kBq/m²), and pond carp (Goncharova, 2000; 
Ryabokon et al., 2005; Ryabokon, Goncharova, 2006). 
Radiosensitivities of bank vole somatic cells and human peripheral 
lymphocytes, as well as of the germ cells of the laboratory mice are 
close to each other (Smolich, Goncharova, 2002). 
New phenomena induced by low doses were discovered, including 
inverse radiation dose-rate effect. We have shown that the genetic 
efficiency of the low-dose rate exposure calculated per unit dose is 
higher than that of acute irradiation with high dose rate (Smolich, 
Goncharova, 2002). Our data are in line with the data on cancer risks 
of low dose-rate exposure in the cohort of nuclear workers (Cardis et 
al., 2007) and the Techa‘s cohort (Krestinina et al., 2007). 
 We have shown for the first time transgenerational transmission and 
accumulation of radiation damage attributable to the low-dose rate 
exposure of the preceding generations of bank vole. Genomic 
instability in subsequent generations of bank vole shows saturation at 
very low doses (Ryabokon, Goncharova, 2006, 2007). 
A complex transcriptional response was revealed to be induced in 
somatic cells of very low-dose irradiated residents (Albanese et al., 
2007) and workers (Morandi et al., 2009) and to differ under exposure 
to low and higher doses with respect to the number and type of 
differently expressed genes. 
The yield, processing and biological consequences of clustered DNA 
damage are different at low and high dose exposure (RISC-RAD 
project, 2008). 
All these data give strong evidence that low-dose and low-dose-rate 
radiation responses differ from high-dose responses. There is an 
urgent need to understand better low-dose impact on immediate 
genetic damage and long-term effects, as genomic instability and 
cancer. 
 
POS24-08. Dose response for chromosome aberrations in human 
lymphocytes and fibroblasts after exposure to very low doses of 
high LET radiation. Megumi Hada1, K.A. George2, F.A. Cucinotta3, 
1: NASA-JSC/USRA, USA 2: Wyle 3: NASA Johnson Space Center, 
USA 
 
The relationship between biological effects and low doses of absorbed 
radiation is still uncertain, especially for high LET radiation exposure. 
Estimates of risks from low-dose and low-dose-rates are often 
extrapolated using data from Japanese atomic bomb survivor with 
either linear or linear quadratic models of fit. 
In this study, chromosome aberrations were measured in human 
peripheral blood lymphocytes and normal skin fibroblasts cells after 
exposure to very low dose (.01 – 0.2 Gy) of 170 MeV/u 28Si- ions or 
600 MeV/u56Fe-ions. Chromosomes were analyzed using the whole 
chromosome fluorescence in situ hybridization (FISH) 
technique  during the first cell division after  irradiation, and 
chromosome aberrations were identified as either simple exchanges 
(translocations and dicentrics) or complex exchanges (involving >2 
breaks in 2 or more chromosomes). 
The curves for doses above 0.1 Gy were more than one ion traverses a 
cell showed linear dose responses.  However, for doses less than 0.1 
Gy, 28Si- ions showed no dose response, suggesting a non-targeted 
effect when less than one ion traversal occurs. Additional findings 
for 56Fe will be discussed. 
 
POS24-09. Four hundreds days‘ continuous exposure of mouse to 
γ-ray at low dose rate alters component of hematopoietic cells in 
bone marrow. Tokuhisa Hirouchi1, M. Akabane2, K. Tanaka1, 1: 
Institute for Environmental Sciences, Japan 2: Tohoku Environmental 
Sciences Co. Ltd, Japan 
 
Objective: We previously reported that exposure of male B6C3F1 
mice to 8Gy of γ-ray at the dose rate of 20 mGy/day (γ20mGy/d) 
induced leukemia. Meanwhile, leukemic cells in spontaneous 
leukemia are reported to be originated from a leukemic stem cell 
(LSC) which is arisen from an immature hematopoietic cell. However, 
it still unknown how the murine γ20mGy/d-induced LSC is 
developed. To get key information about the LSC, we analyzed 
component of bone marrow cells of γ20mGy/d-irradiated 
mice. Methods: Eight-weeks-old B6C3F1 males were continuously 
exposed to γ20mGy/d. Cell surface markers of bone marrow cells of 
the irradiated (IR) mice were analyzed at day 100, 150, 300 and 400 
from the start of exposure, and compared with those of non-IR mice of 
the same age. Results: Effect of the γ20mGy/d was altered according 
to cell differentiation stage. The numbers of hematopoietic stem cells 
(HSC) of IR mice at day 150 and 400 were less than thosg of non-IR 
mice. Common lymphoid progenitors (CLP) of IR mice were slightly 
increased at day 100, but decreased at day 150 and 400. In 
comparison, effect of the γ20mGy/d on common myeloid progenitors 
(CMP) was delayed and small (refer to the data at day 200 and 400 in 
table).Conclusion: CLPs of IR-mice were maintained by excess 
proliferations of HSC and CLP itself. This study was performed under 
contract with the Aomori Prefectural Government, Japan. 
  
The cell numbers of three differentation stages in bone marrows of IR 
and non-IR mice 
 
 
aDays from the start of exposure to γ-ray at dose rate of 20 mGy/day 
(γ20mGy/d) 
bIR group was irradiated to γ20mGy/d under SPF condition, and non-
IR group was kept in normal SPF room. 
 
POS24-10. Effect of low doses of X-rays on the innate anti-tumour 
reactions in radioresistant and radiosensitive mice. Marek K. 
Janiak1, E.M. Nowosielska, A. Cheda, J. Wrembel-Wargocka, 
Military Institute of Hygiene and Epidemiology, Poland 
 
Objectives: Mice from different strains vary in their susceptibility to 
ionizing radiation, e.g., BALB/c mice are more radiosensitive than 
C57BL/6 mice. Also, the incidence of cancer following irradiation is 
more frequent in the former than the latter mice. In this study we 
evaluated the effects of fractionated irradiations of mice from the two 
strains on cytotoxic activities of cells involved in the innate anti-
tumour surveillance and the development of the induced tumour 
colonies. 
Methods: NK cell-enriched splenocytes (NK cells) and peritoneal 
macrophages (Mφ) were collected from BALB/c and C57BL/6 mice 
irradiated for five days per week for 2 weeks at 0.01, 0.02, or 0.1 Gy 
X-rays (total absorbed doses of 0.1, 0.2, and 1.0 Gy, respectively). On 
the selected days after completion of the exposures cytotoxic anti-
tumour activities of NK cells and Mφ and production of nitric oxide 
(NO) by Mφ were assayed. In addition, two hours after completion of 
the irradiations BALB/c or C57BL/6 mice were intravenously injected 
with L1 sarcoma and Lewis Lung Carcinoma (LLC) cells, 
respectively, and 14 days later the developed tumour colonies were 
counted on the surface of the lungs. 
Results: NK cells collected from all the irradiated BALB/c or 
C57BL/6 mice demonstrated comparable up-regulation of their 
cytotoxic function which was, for the most part, mediated by perforin 
and FasL. Likewise, Mφ collected from both strains of the mice 
exhibited the similarly stimulated anti-tumour cytotoxicities and 
produced significantly more NO following exposures of the animals to 
all the three total doses of fractionated X-rays. Moreover, in both 
strains of mice the repeated irradiations with X-rays significantly 
reduced the number of the induced tumour colonies in the lungs. 
Conclusion: The obtained results indicate that the anti-tumour effects 
of ten low-level irradiations with X-rays are comparable in the 
BALB/c and C57BL/6 mice. 
 
POS24-11. Neoplastic transformation and clustered dna damage 
induction by single or sequential exposures to low doses of X-rays 
in human skin fibroblasts. Deborah Keszenman, V. Ńtísová, P. 
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Wilson, P. Bennett, B. Sutherland, Brookhaven National Laboratory, 
USA 
 
Humans may be exposed to repeated low doses of low linear energy 
transfer (LET) ionizing radiation (IR) during medical, occupational or 
accidental exposures. With the frequent clinical use of radiodiagnostic 
procedures, there is considerable medical concern about potential 
long-term effects of sequential exposures to low doses of X-rays. 
Understanding molecular mechanisms underlying cellular responses to 
these types of exposures is critical to estimate risks of developing late 
health effects including carcinogenesis. In the assessment of different 
radiobiological endpoints following repetitive IR exposures, different 
types of biological responses including adaptive, synergistic, or 
additive responses have been reported. It has been established that 
these types of responses depend on the interval between exposures and 
other characteristics including radiation quality, LET, dose and dose 
rate. 
In our studies of cellular responses to sequential exposures of low 
dose, low LET IR, we have determined effects on survival probability 
and neoplastic transformation frequencies in primary human 
fibroblasts following single or sequential exposures of 2 or 5 cGy of 
100 kVp X-rays. At the molecular level, the induction of clustered 
DNA damage was assayed immediately after exposure using pulsed-
field gel electrophoresis and number average length analysis. Results 
to date indicate that cell survival was not affected after sequential 
fractions of X-rays even after a total dose of 25 cGy delivered in 5 
fractions of 5 cGy. Cultures irradiated with single doses corresponding 
to these total cumulative doses showed similar survival responses. As 
expected, we observed increased IR-induced neoplastic transformation 
as a function of dose after single exposures. However, in the two 
sequential irradiation regimes employed, the number of soft-agar 
transformants per survivor decreased above a total dose of 10 cGy. 
Clustered DNA damage showed different induction levels after single 
or sequential exposures to identical doses of X-rays, suggesting the 
induction of DNA repair mechanisms by sequential low dose 
irradiation. 
This work was performed under the auspices of the U.S. DOE by BNL 
under contract DE-AC02-98CH10886, supported by grant BO-086 
from the DOE Low Dose Radiation Research Program and grant 
NNJ07HC73I from NASA. 
 
POS24-12. Study of the health of HBRS (High Background 
Radiation School) former students in the city of Ramsar, Iran 
(Preliminary Report). Meysam Khosravi1, S. Borzoui1, P. Roshan 
Shomal2, A. Shabestani Monfared1, 1: Babol University of Medical 
Sciences, Iran 2: Gilan University of Medical Sciences 
 
Introduction: Ramsar, a coastal city in the north part of Iran, has the 
highest level of natural background radiation in the world. Several 
researches have done on the effects of the radiation on human health. 
We evaluated the health status of the Saied Nafisi school former 
students in Ramsar that estimated to receive about 4 SV radiation dose 
during study in the highest background radiation school in our planet. 
Materials & Methods: Standard health questionnaires were provided 
and completed for most of former students by interview. Medical 
examination is ongoing. 
Results: None of the students have severe and chronic radiation 
induced illness on the basis of first survey data.  
Conclusion: In spite of receiving a large amount of ionizing radiation 
it seems that the health effects are negligible. This study may lead us 
to revise the current radiation protection regulations. 
 
POS24-13. Involvement of non-CG DNA methyltransferase in 
epigenetic modification of Arabidopsis genome by low-dose 
gamma ray. Ji Eun Kim, J.H. Kim, B.Y. Chung, J.H. Kim, Korea 
Atomic Energy Research Institute, South Korea 
 
DNA methylation is one of the epigenetic markers associated with 
transposable element silencing and gene imprinting in plants. Several 
recent studies suggested that epigenetic modification such as DNA 
methylation and histone modification should be induced in plant 
genome after gamma irradiation. However, there is a lack of data 
exploring the underlying mechanisms. Therefore, the present study 
aimed to characterize and elucidate the epigenetic modification of 
plant genome by low-dose gamma ray. Seedlings of wild type or cmt 
mutant, which has a defect in non-CG DNA methylation, were 
irradiated with 5-Gy gamma ray at two different dose rates as follows; 
(A) 50 mGy h-1 for 10 h per each day and (B) 1.25 Gy h-1 for 4 h. In 
case of (A), transcript levels of DNA methyltransferase genes, MET1, 
DRM2, and CMT3, were not affected in wild type by treatment with 
gamma ray, while those of MET1 and CMT3 were significantly 
decreased in cmt mutant. Unexpectedly, quantification assay of 
methylated DNA demonstrated that DNA methylation in cmt mutant 
was increased after treatment with gamma ray, while that in wild-type 
was rather decreased. Transcript levels of genes involving in histone 
modification such as histone deacetylase (HAD6, HAD8, and HAD19), 
acetylase (HAF1), and methytransferase (SDG9) were never affected 
in wild type. Instead, cmt mutant showed substantially decreased 
transcript levels of HAD6 and HAD19 only. In contrast, in case of (B), 
transcript levels of DNA methyltransferase genes and histone 
modification-related genes remained constant even in cmt mutant after 
treatment with gamma ray. Based on the obtained data, therefore, we 
suggest that treatment with gamma ray could cause substantial 
changes in DNA methylation and histone modification of 
Arabidopsis genome, and that transcriptions of MET1, HDA19 and 
HDA6 should be negatively associated with that of CMT3, which is 
dependent on the dose rate. 
 
POS24-14. Low dose gamma-radiation does not affect repair of 
DNA double strand breaks in C57Bl6 mouse cells both in vitro 
and in vivo. Dmitry Klokov1, M. Blimkie1, L. Fung2, C. Girard3, E. 
Petoukhov4, 1: Atomic Energy Canada Limited, Canada 2: University 
of Waterloo, Canada 3: University of Montpellier 4: University of 
British Columbia, Canada 
 
Low dose ionizing radiation (IR) is known to induce a variety of 
specific biological effects, not predictable based on extrapolation from 
high doses, that commonly thought to have mechanistic links to DNA 
repair processes. In this study, we sought to understand whether DNA 
double strand break (DSB) repair may have a role in the previousely 
demonstrated low dose IR-induced systemic radioadaptive responses 
by tumourigenesis in vivo. We evaluated DNA repair by measuring 
the kinetics of gamma-H2AX levels in splenocytes and thymocytes of 
C57Bl6/J mice irradiated in vivo with low dose IR (20 and 100 mGy, 
1 mGy/min, Cobalt-60) 24 h prior to a challenging dose of 2 Gy (6 
Gy/min, Cobalt-60). Cells were allowed to complete repair of DNA 
DSBs for various times (0-24 h) post challenging IR dose and then 
harvested and analyzed by flow cytometry or immunoblot analyses for 
gamma-H2AX levels. Generated DNA repair curves indicated that 
low dose IR did not influence the rate of DNA DSB rejoining. 
Similarly, no changes were found between cells from low dose IR vs. 
control mice in the kinetics of high dose IR-induced phosphorylation 
of ATM (phospho S1981), a DNA damage signalling marker. Using 
clonogenic survival assay and immunofluorescence microscopy, 
mouse embryonic fibroblasts of C57Bl genetic background were 
shown to lack both radiation adaptive survival response and low dose 
IR-induced repair of DNA DSB (gamma-H2AX foci kinetics), 
consistent with the role of genetic background in radioadaptive 
responses. Our results show that DNA repair, and, supposedly, other 
short-term responses, are not neccessaraly involved in systemic 
radiation adaptive responses, such as increases in the tumour latency 
times in ageing mice or in the life span previously demonstrated in our 
laboratory, and that alternative mechanisms may be invloved, e.g. 
modulation of immune system functions. 
 
POS24-15. Low Dose Radiation Stimulates Antioxidants in 
Rodent Brain and Reduces Behavioral Symptoms in Experimental 
Model of Parkinson's Disease. Barbara Krynska1, M. Doss2, R.K. 
Alpaugh2, Z. Mu2, S. Litwin2, B.J. Augelli1, S.A. Azizi1, 1: Temple 
University School of Medicine, USA 2: Fox Chase Cancer Center, 
USA 
 
Background: Oxidative damage to the nigral dopaminergic neurons 
has been implicated in the pathogenesis of Parkinson‘s disease (PD). 
Our hypothesis is that low dose radiation (LDR) promotes the 
induction of antioxidants in the brain, which could provide protection 
to the dopaminergic neurons, potentially lead to the prevention or 
stabilization of PD. The purpose of the study is to determine (1) the 
effect of LDR on the total antioxidant capacity in substantia nigra 
(SN) in normal rats, and (2) the effect of LDR on the behavioral 
symptoms in 6-OHDA-induced rat model of PD. 
Methods: (1) Sprague-Dawley (SD) rats were exposed to radiation 
applied to the brain in the dose range of 0 to 90 cGy at the rate of ~9 
cGy/minute. The animals were sacrificed at various time points after 
the irradiation and the total antioxidant capacity was measured in SN. 
(2) Behavioral rotations were evaluated in 6-OHDA unilaterally 
lesioned SD rats exposed to the dose range of 0-45 cGy to the brain 5 
days following the disease induction. Complete 360° turns were 
POSTER PRESENTATIONS 
 187 
counted in 45 min periods and measured at weekly intervals during 
the period of 3 to 7 weeks after 6-OHDA administration. 
Results: (1) Results show that LDR induced an increase in total 
antioxidant capacity in SN as a function of dose when rat brains were 
irradiated in the dose range of 0 to 63 cGy and decrease as a function 
of dose for higher doses. The elevated antioxidant capacity was 
maintained for at least 3 weeks. (2) The number of rotations in 6-
OHDA lesioned rats decreased after the treatment with 10 and 45 cGy 
when compared to controls that were sham radiated. The reduction in 
the number of rotations was greater for the rats exposed to 45 cGy 
when compared to those exposed to 10 cGy. 
Discussion: Our preliminary data suggests that exposure to LDR 
stimulates antioxidant capacity in the brain and may reduce behavioral 
symptoms in the 6-OHDA-induced rat model of PD. If further testing 
confirms these observations, translation of the concept to human 
studies may be considered as a means to slow down the progression of 
PD. 
Acknowledgements: This research was supported by the Office of 
Science (BER), U.S. Department of Energy, under Award No. DE-
SC0001196. 
 
POS24-16. Effects of long-term additional therapy of different 
antioxidants and ibuprofen on oxidative stress and antioxidative 
potential of the Chernobyl clean-up workers. Liga Larmane1, G. 
Moisejevs1, A. Silova1, N. Rusakova1, A. Skesters1, T. Zvagule2, 1: 
Laboratory of Biochemistry, Riga Stradins University, Riga, Latvia 2: 
The Center of Occupational and Radiological Medicine, Pauls 
Stradins Clinical University Hospital, Riga, Latvia 
 
Oxidative stress (OS) is caused by disbalance between production of 
reactive oxygen species (ROS) and biological system‘s ability to 
scavenge the reactive intermediates. 
Ionizing radiation is one of the factors that induce intensive forming 
of ROS, therefore, people who were exposed to radiation have 
negative changes in the reduction-oxidation (red-ox) system of 
organism. 
The aim of our study was to find out if additional therapy (AT) of 
antioxidants (AO - Se, Vit.E, CoQ10) and Ibuprofen may affect the 
red-ox system of the Chernobyl clean-up workers (ChCW) from 
Latvia. ChCW in comparison to people of the same age and sex are 
subjected to many chronic inflammatory changes that in their turn 
may be related to free radical production and accordingly the red-ox 
system fluctuations. 
In order to make research groups, 40 to 65 yo men (ChCW versus 
healthy volunteers) were involved in the study. Each group received 
different combinations of AO and Ibuprofen or placebo. Several 
parameters characterizing antioxidative defense and OS status of 
organism (e.g. reduced glutathione (GSH), total antioxidant state, 
glutathione peroxidase (GSH-Px), Cu,Zn-superoxide dismutase 
(SOD), malondialdehyde (MDA) etc.) were detected in blood, plasma 
or erythrocytes before, during and after AT. 
The results indicate that there is a tendency for lipid peroxidation 
intensity to decrease during and after the AO and Ibuprofen therapy, 
e.g., during the one year supplementation of Ibuprofen, Se and Vit.E, 
the level of MDA decreased from 3,19 nmol/ml initially to 2,71 
nmol/ml after therapy. 
However, in some patient groups, antioxidative defense improved by 
increase of Se and GSH, GSH-Px, SOD accordingly. AT of Se, Vit.E 
and CoQ10 in different combinations significantly increased the level 
of Se in the patient plasma. That might be good indicative of exogenic 
absorption of organic Se and its successfull incorporation in the 
metabolism, thus increasing the reductive potential of the organism, 
e.g. GSH increased from 38,65 mg/dL initially to 48,54 mg/dL after 
one year supplementation of Se and Vit.E. 
Temporarily we cannot confirm that additional AO and Ibuprofen 
therapy guarantees an improvement in all cases related to OS, 
although our results demonstrate it may probably help to retain red-ox 
state in balance. 
 
POS24-17. Simulating the lunar environment: impact of low dose 
28Si and X-ray radiation on bone loss during reduced 
weightbearing. Brandon Macias1, F. Lima1, Y. Shirazi-Fard2, M. 
Wiggs1, J. Fluckey1, E. Greene1, M. Allen3, L. Braby4, H. Hogan5, S. 
Bloomfield1, 1: Dept of Health & Kinesiology, Texas A&M 
University, USA, 2: Dept of Biomedical Engineering, Texas A&M 
University, USA, 3: Dept of Anatomy & Cell Biology, Indiana 
University School of Medicine, USA, 4: Dept of Nuclear Engineering, 
Texas A&M University, USA, 5: Dept of Mechanical Engineering, 
Texas A&M University, USA 
 
No data exist testing the skeletal consequences of combining low-dose 
high-LET radiation and ambulation in a simulated Lunar gravity 
environment.  Moreover, the relative biological effectiveness of low-
dose high-LET radiation for bone loss is unknown.  We hypothesized 
that simulated galactic cosmic radiation would exacerbate bone loss 
observed after reduced (1/6th) weightbearing (G/6). 
BALB/cByJ mice (F, 4-mo, n=10 per group) were randomly assigned 
to cage control (1G), 1G+radiation, G/6, or G/6+radiation. Mice were 
exposed to two radiation types, either 28Si at 300 MeV(Si) [at doses 
0Gy (SHAM), 0.17Gy, 0.5Gy, and a fractionated dose of 0.5Gy 
(0.17Gy on days 0, 2,  7)] or X-rays at 250kV (X) [at doses 0Gy 
(SHAM), 0.17Gy, 0.5Gy, 1Gy, and a fractionated dose of 1Gy (0.33 
Gy on days 0, 7,  14)].  After 21 days, bones were harvested and distal 
femur bone volume (BV/TV), trabecular thickness (Tb.Th), and 
trabecular number (Tb.N) quantified with micro-CT. Regression 
analysis of BV/TV against the 1G Si dosesand separately against the 
1G X-ray doses;  X-ray and Si doses producing a 14% decrement in 
BV/TV were determined. 
Relative to the 1G-SHAM group, distal femur BV/TV and Tb.Th were 
significantly lower after 21-d in the G/6 (-23%, -13%, respectively) 
and 0.5Gy G/6+Si (-26%, -13%, respectively) groups at day 21. 
BV/TV in the 1Gy G/6+X group was significantly lower (-29%) at 
day 21 compared to G/6-SHAM. In the 1G groups, bothsingle and 
fractionated 0.5Gy Si radiation dosing regimens resulted in 
significantly lower BV/TV (-14% and -18%, respectively) at day 
21.  A fractionated Si dose lowered Tb.N during 1G and G/6; 
however, the fractionated X-ray dose did not.  For 1 G mice, the dose 
of high LET 28Si  producing  a 14% decrement of BV/TV (0.5Gy) was 
2-fold lower than that dose of low-LET X-ray producing the same 
bone loss (1Gy). 
In support of our hypothesis, low dose high LET radiation exposure 
during partial weightbearing conditions exacerbates cancellous bone 
loss (BV/TV).  Three 0.17Gy fractions of low dose high LET 
radiation (28Si) produce similar cancellous bone loss decrements as 
one 0.5Gy dose.  However, fractionating low-dose low-LET radiation 
(X-rays) does protect against cancellous bone loss seen with one acute 
dose, suggesting that mechanisms of damage may differ between 
high-LET 28Si and low-LET X-ray radiation when delivered as 
fractionated doses. 
 
POS24-18. Estimating the lifetime attributable risk of lung and 
breast cancer due to 128-slice dual-source computed tomography 
coronary angiography. Kosuke Matsubara1, K. Koshida1, T. Takata2, 
J. Horii2, H. Iida2, O. Matsui1, 1: Kanazawa University, Japan 2: 
Kanazawa University Hospital, Japan 
 
With the introduction of computed tomography (CT) equipped with 
dual X-ray sources, dual-source CT coronary angiography (CTCA) 
has been established as a noninvasive diagnostic tool for assessing 
coronary artery disease. However, organs close to the heart, such as 
the lungs and breasts, receive relatively high radiation doses during 
CTCA, thereby giving rise to a possible risk of cancer. We aimed to 
estimate the lifetime attributable risk (LAR) of lung and breast cancer 
after radiation exposure during 128-slice dual-source CTCA on the 
basis of The National Academies‘ Biological Effects of Ionizing 
Radiation 7th Report (BEIR VII) Phase 2 preferred models. The 
absorbed doses for thoracic organs during 128-slice dual-source 
CTCA with three acquisition modes (high-pitch spiral [HPS], step-
and-shoot [SAS], and low-pitch spiral [LPS] modes) were measured 
using an anthropomorphic thoracic phantom and 
radiophotoluminescent glass dosimeters, and conversion factors from 
volume CT dose index (CTDIvol) to the absorbed dose for each organ 
were calculated. Thereafter, the LAR of lung (male and female) and 
breast (female) cancer incidence was estimated using the LAR of each 
cancer incidence after a single radiation exposure of 100 mGy to each 
organ (presented in the BEIR VII Phase 2 report), calculated 
conversion factors, and CTDIvol from 138 consecutive patients who 
underwent 128-slice dual-source CTCA with HPS, SAS, or LPS 
modes. In the anthropomorphic phantom study, the measured 
absorbed doses were 6.6, 53.6, and 110.1 mGy for lungs, and 5.03, 
38.4, and 92.0 mGy for breasts with HPS, SAS, and LPS modes, 
respectively. Estimated organ doses of patients ranged from 6.6 to 120 
mGy for lungs and 5.1 to 99 mGy for breasts. The estimated LAR of 
cancer incidence after radiation exposure from 128-slice dual-source 
CTCA varied from 1 in 900 to 1 in 36000 for lung cancer in males, 1 
in 450 to 1 in 13000 for lung cancer in females, and 1 in 1400 to 1 in 
220000 for breast cancer in females. The estimated risk of cancer 
incidence in patients who underwent CTCA with the LPS mode was 
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relatively high compared to that in patients who underwent CTCA 
with the other modes. Although risk estimates are subject to several 
sources of uncertainty, this study suggests that CTCA should be 
performed cautiously, especially in female and young patients.  
 
POS24-19. Low Dose Radiation Exposure and Atherosclerosis in 
ApoE-/- Mice: The Influence of Reduced p53 Function. Ron E.J. 
Mitchel1, H. Wyatt2, G. Hildebrandt 3, N.D. Priest 2, 1: Atomic Energy 
of Canada Ltd., Canada 2: Radiation Protection Research and 
Instrumentation Branch, Atomic Energy of Canada 3: Department of 
Radiotherapy, University Hospital, Rostock, Germany 
 
We recently described the influence of low dose gamma radiation 
exposures on atherosclerosis in genetically susceptible (ApoE-/-) mice. 
Depending on dose and dose rate, doses as low as 25 mGy given at 
either early or late stage disease generally protected against 
atherosclerosis in a manner distinctly non-linear with dose. In this 
animal model Tp53 function is known to influence aortic 
atherosclerosis, with plaque formation significantly accelerated 
in ApoE-/-Tp53-/- mice. 
We now report the influence of low doses (0.025-0.50 Gy) on 
atherosclerosis in mice with reduced Tp53function (Tp53+/-). Single 
exposures were given at either low or high dose rate (1 or 150 
mGy/min) to female C57BL/6J ApoE-/- Tp53+/- mice. Mice were 
exposed at either early stage disease (2 months of age) and examined 
3 or 6 months later, or at late stage disease (7 months of age) and 
examined 2 or 4 months later. In unexposed mice, reduced p53 
functionality elevated serum cholesterol and accelerated aortic root 
plaque growth in young mice. Exposure of mice to low doses of 
radiation at early stage disease, at either high or low dose rate, 
inhibited lesion growth and decreased the mean number of lesions in 
the aortic root. Lesion cross sectional area was reduced by half 
compared to unexposed mice and maximum effectiveness occurred at 
25 mGy. Exposure at either high or low dose rate also significantly 
retarded the age related progression of lesion severity. In contrast, 
exposure at late stage disease produced generally detrimental effects. 
Both low and high dose rate exposures accelerated lesion growth and 
high dose rate exposures also increased serum cholesterol levels. 
These results show that at early stage disease, reduced p53 function 
does not influence the generally protective effects of low doses against 
atherosclerosis. In contrast, the protective effects seen when Tp53 
normal mice were exposed at late stage disease were lost in the mice 
with reduced p53 function, and low doses were generally detrimental. 
As in the Tp53 normal mice, all effects were highly non-linear with 
dose. These results indicate that depending on the disease stage at the 
time of irradiation, variations in p53 functionality can dramatically 
influence the outcome of a low dose exposure, and that the assumption 
of a linear response with dose for human populations is probably 
unwarranted. 
 
POS24-20. In vivo distribution of radionuclides, tumorigenicity 
and genome stress in mice after Chernobyl catastrophe. Hiroo 
Nakajima1, T. Saito1, T. Hongyo1, H. Ryo2, T. Todo1, T. Nomura2, 1: 
Osaka University, Japan 2: National Institute of Biomedical 
Innovation, Japan 
 
South districts of Belarus are still highly radiocontaminated even after 
25 years from the Chernobyl catastrophe in 1986. The major 
radionuclides in the contaminated areas are 137Cs and 90Sr. It is easily 
predicted that the radionuclides are concentrated by the food chain 
into the living organisms in the contaminated area, and radionuclides 
remain in the irradiated organisms not only externally but also 
internally for long periods. The exact radioactivity in organisms 
should have been known to assess the long term low dose rate and low 
dose internal and external radiation effect. 
We measured the 137Cs radioactivity and its distribution in the plants 
(trees, berries, mushrooms) and animals (insects, frogs, moles, mice) 
in the highly contaminated area (Masani) and the middle contaminated 
area (Babchin). The 137Cs radioactivities in the organisms were 
proportional to those in the soil, and 137Cs was highly concentrated in 
the vessel of plants and in the muscle of higher animals.  The 137Cs 
radioactivities of mice in 2005 were compared with those in 1997. The 
remaining amounts of 137Cs in organs was about 2% of those in 
1997.  The roughly estimated ecological half-life was 1.44 years. 
To simulate the radiocontamination in middle contaminated areas of 
Belarus (1997, 2005), mice were maintained for 8 months in the 
radioisotope facility with free access to drinking water 
containing 137CsCl (0Bq/ml, 10Bq/ml and 100Bq/ml).Mice were 
assessed the radiation effect by the quantitative measurement of the 
contaminated radionuclides-induced DNA double-strand breaks by g-
H2AX foci in the organs.  The micro nuclei test and the 
tumorigenicity of mouse lung were also examined under the same 
condition. 
The number of g-H2AX focus per hepatic cell was 1.4 (0Bq/ml), 
9.5(10Bq/ml), 10.7(100Bq/ml), respectively.  It was suggested that the 
genome damage caused internal low dose 137Cs radiation were 
occurring chronically even in low dose contaminated area.  But no 
significant difference was observed in the micro nuclei test.  In 
addition, the number of lung tumors per mouse induced by urethane 
under the same condition was 36.8 (0 Bq/ml), 44.1 (10Bq/ml), 44.1 
(100Bq/ml), and the average of tumor diameter (mm) was 1.64, 1.69, 
1.68, respectively. (Supported by MEXT, JSPS and Heiwa-Nakajima 
Foundation). 
 
POS24-21. Detection and characterization of proteomic 
alterations in the liver of mice irradiated at low-dose-rates. Tetsuo 
Nakajima, B. Wang, M. Nenoi, Radiation Risk Reduction Research 
Program, Research Center for Radiation Protection, Natl. Inst. Radiol. 
Sci., Japan 
 
We have previously reported that low-dose-rate, long-term irradiation 
induces protein expression of rhodanese, a detoxification enzyme in 
mouse liver (Nakajima et al., J. Radiat. Res., 2008).  The elucidation 
of the physiological role of altered protein expressions in mice 
irradiated at low-dose rates is important for understanding health 
effects from concerned radiation exposure, such as medical treatments 
and the high-background radiation areas. Here we tried to investigate 
the physiological role of the rhodanese induction by low-dose-rate 
irradiation using a cell line and to evaluate effects of low-dose-rate 
irradiation on protein expression in mouse liver using fractionated 
low-dose irradiation.  Using rat hepatoma, McA-RH7777 cell line, 
which expresses rhodanese, effects of knockdown of the enzyme by 
siRNA on radical scavenging activities were evaluated.  The siRNA 
treatment reduced the radical scavenging activity by 30% in the cells. 
This suggests that rhodanese induction by low-dose irradiation 
promotes radio-protective ability in mice.  Furthermore, to facilitate 
analyses of alteration of protein expression by low-dose-rate 
irradiation, fractionated whole-body X-rays-irradiation was performed 
to mimic low-dose-rate irradiation.  Mice were irradiated with 0.02Gy 
and 0.4Gy per day, 5 days (weekdays) per week for 1 month (total 
doses: 0.4Gy and 8Gy, respectively), and protein expression in livers 
from the mice irradiated was investigated. The male mice, 6 and 14 
weeks of age (6 wk and 14 wk mice) at the start were used.  In the 
case of 6wk mice, rhodanese induction was not observed but changes 
in some other protein expressions were detected in comparative 
analyses by two-dimensional gel electrophoresis. The proteins were 
identified by MALDI-TOF MS.  In 14 wk mice, rhodanese induction 
was detected in some of mice irradiated.  Moreover, as an increased 
protein candidate by irradiation, an identical protein was detected in 
both 6 wk and 14 wk mice. Characterization of protein candidates 
detected in altered protein expression by low-dose-rate irradiation will 
be discussed. 
 
POS24-22. Quantification of Gene expression modulation induced 
by low doses of ionizing radiation in a lymphocyte subpopulation. 
Ingrid Nosel, Institut de radioprotection et sureté nucléaire de 
Fontenay aux Roses (IRSN), France 
 
Dose estimation after nuclear accident is essential to adapt medical 
treatment of radiation injuries. Actually the technical used for dose 
estimation is based on scoring of chromosomic aberrations, however 
this tool has a lower detection limit of 100mGy. 
The purpose of this study is to explore novel bio-indicators of 
exposure permitting estimation of doses below 100 mGy. It is well 
known that ionizing stress induces gene expression modifications. 
Several microarray studies have successfully yielded a set of 
modulated genes associated particularly with high dose exposures. It‘s 
the reason why we attempt to find a signature of low dose exposures 
using oligonucleotide microarray. 
In addition, this study would permit to identify cellular mechanisms 
involved in low dose radiation responses. 
Oligonucleotide microarray technology enables to determine 
expression levels of thousands of genes. Venous peripheral blood 
samples were collected from five volunteers donors. Irradiations on 
whole blood are performed with a Cobalt-60 source emitting gamma 
rays, with a dose rate of 0.05Gy/min. We performed six doses 500, 
100, 50, 25, 10, 5mGy and the corresponding sham irradiated 
condition. We study different times point post irradiation: 2h30 5h 
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7h30 and 10h. We work on a CD4+ lymphocyte subpopulation. It was 
report previously that CD4+ lymphocytes were particularly sensible to 
low doses of gamma rays. Bioinformatics tools are used to determine 
the cellular and biochemical roles of genes in co-regulated gene sets. 
Our analyse reveals that gene modulations could be detected even at 
5mGy and 10 hours after irradiation. We don‘t observe a dose effect 
on the number of gene modulated at the different tested doses. We 
obtain an average of three hundred up-regulated genes and two 
hundred down-regulated genes at each time point for each dose. 
As expected, we notice that the major pathway up regulated at 
500mGy in response to ionizing radiation is the p53 pathway as 
PCNA, DDB2, and XPC involved in DNA repair or BAX, GADD45A 
in apoptosis.Moreover, the probability to select modulated genes 
involved in this pathway decrease with the dose. New molecular 
mechanisms seem to be involved specificity for dose among 10 and 
100mGy. Indeed these doses shared up to 50 of modulated genes and 
only 20% with the dose 500mGy. 
To conclude, these preliminary results reveal that p53 pathway is 
highly involved at 500mGy but its implication decrease for doses 
below 100mGy. This finding suggests that regulatory network 
involved below 100mGy seems really different in comparison to 
500mGy. We are trying to establish, for doses below 100mGy, 
functional relationships inside the co-regulated genes set. 
 
POS24-23. The effect of low dose ionising radiation on the 
proliferative status of ageing primary human bronchial epithelial 
cells. Rebecca J. Sabin, R.M. Anderson, Centre for Cell and 
Chromosome Biology; Centre for Infection, Immunity and Disease, 
Division of Biosciences, Brunel University, UK 
 
Senescence is a normal metabolically active form of growth arrest that 
prevents the proliferation of damaged and aged cells, as such, the 
fraction of senescent cells increases as a cell population ages. In 
addition to this tumour-suppressive mechanism, senescence is also 
linked with the development of a pro-oncogenic environment that is 
related to a senescence-associated secretory phenotype. Indeed, 
senescence is thought to be important in a number of age-related 
pathologies. Recent studies have suggested that exposure to DNA 
damaging agents such as ionising radiation (IR) may initiate a 
premature (stress-induced) cellular senescence, which may influence 
the biological effects of radiation exposure. Therefore, to assess 
whether radiation exposure prematurely increases the fraction of 
senescent cells, we exposed primary human bronchial epithelial 
(HBEp) cells to low-linear energy-transfer (LET) Cobalt60 γ-rays (0.3 
and 0.5Gy, 0.111Gy/min) and fixed cells 30 mins, 24 and 36 hrs after 
exposure. To assess the fraction of non-proliferating cells (NP) and to 
quantify the DNA damage present within both proliferating and NP 
cells after irradiation, nuclei were co-stained with antibodies for the 
proliferation antigen Ki-67 and the DSB marker, 53BP1. As expected, 
53BP1 foci were induced in HBEp (p5) cells 30 mins after exposure to 
0.3 and 0.5 Gy (5.78 and 8.15 53BP1 foci/nucleus), which was 
significantly increased compared to sham (2.37 foci/nucleus, 
P=<0.0001). The average number of 53BP1 foci subsequently 
decreased to sham (0.77, 1.06) levels after exposure to 0.3Gy (1.46, 
1.29) and 0.5Gy (1.66, 0.87), 24hrs and 36hrs respectively. We 
observe no difference in the fraction of NP (p5) HBEp cells 30 mins 
after exposure (26, 38 and 30%) for sham, 0.3 and 0.5 respectively, 
which were all significantly lower than seen in un-irradiated aged 
(p10) HBEp cells (64%). However there is suggestion of a slight 
increase in the fraction of NP cells relative to sham by both 24 (16, 23 
and 39) for sham 0.3 and 0.5Gy and 36 hrs (21, 27 and 33) for sham, 
0.3 and 0.5Gy respectively. To date, our co-stain analysis does not 
show any obvious trend in greater or fewer fractions of NP cells with 
increasing numbers of 53BP1 foci. Our studies are continuing to 
examine the effects of IR on proliferative status and foci number at 
delayed time periods after exposure. 
 
POS24-24. Effects on gene expression in normal mouse tissues 
following low dose 131I irradiation. Emil Schüler1, T. Parris2, N. 
Rudqvist1, K. Helou2, E. Forssell-Aronsson1, 1: University of 
Gothenburg, Department of Radiation Physics, Sweden 2: University 
of Gothenburg, Department of Oncology, Sweden 
 
The purpose of this study was to investigate the response of normal 
tissues following internal low absorbed dose irradiation of 131I. 
Balb/c mice were i.v. injected with 13-260 kBq of 131I. The mice were 
euthanized 24 hours after injection and the kidneys, liver, lungs, and 
spleen were surgically removed. The absorbed doses ranged between 
0.1 - 9.7 mGy for the different tissues. Comparisons between 
irradiated and unirradiated tissues were conducted using extracted 
total RNA and Illumina MouseRef-8 Whole-Genome Expression 
Beadchips. The Benjamini-Hochberg method was used to control for 
false discovery rate and determine differentially expressed transcripts,. 
Modulation of 1.5-fold or higher, either positive or negative 
regulation, was regarded as significant and included in the analysis. 
Large variations between the different tissues were found with respect 
to number of modulated transcripts, which ranged from 260 in kidney 
cortex to 857 in the lungs. Few transcripts were shared between the 
different tissues investigated and a high specificity in types of affected 
transcripts were seen. The dose-response relationship of the transcripts 
affected at all dose levels was primarily found to be independent of 
dose, few transcripts showed increasing or decreasing regulation with 
increasing absorbed dose. As with transcripts, low number of 
biological processes was commonly affected at all absorbed dose 
levels as well as in all tissues studied. Processes commonly affected in 
more than two organs were primarily associated with response to 
stimuli, metabolism, and immune response which was found to be the 
only biological process commonly affected in all tissues. A clear 
tissue dependence on type of biological process affected was found. 
A strong response was observed despite the low absorbed doses 
delivered to the investigated tissues. The results from this study 
indicate that with the low doses delivered, only small deviations from 
the tissues normal functions are induced. As the impact of these 
deviations is unknown, further research is needed. 
 
POS24-25. Study of radiation induced protein changes (mGy 
range) in human whole blood. Sara Skiöld, S. Haghdoost, M. 
Harms-Ringdahl, Centre for Radiation Protection Research, 
Department of Genetics, Microbiology and Toxicology, Stockholm 
University, Sweden 
 
Due to insufficient data in the low dose region the risk estimation for 
stochastic effect of radiation is based on the Linear-Non-Threshold 
hypothesis. The possible cancer risk caused by low Linear Energy 
Transfer doses of about 1 mGy is too small to be studied using 
epidemiological methods due to the high background cancer risk in 
general. 
We have in previous studies on primary human fibroblasts (VH10) 
and G0 lymphocytes shown that ionizing radiation, in the mGy range, 
induced an endogenous stress response and the subsequent formation 
of 8-oxo-dGTP. However the mechanisms behind this stress response 
is not known. We have tried a proteomic approach to describe the 
processes at the biochemical level. To address the above mentioned 
aim a protocol was designed to optimize the conditions for handling 
blood samples and to find the optimal dose and post irradiation 
condition. We have also studied the intra- and inter-individual 
differences between the two donors. 
The present study shows that it is possible to detect consistent protein 
changes after exposure to 1 and 150 mGy γ-rays for a individual over 
time. However our results also indicate that there is an individual 
variation in response to γ-radiation between the two doses as well as 
between the two donors. 
The long term aim of the study was to develop a protocol to 
investigate if differences in the proteomic profiles of irradiated whole 
blood could be seen between patients classified as radiosensitive or 
non-radiosensitive in response to radiotherapy. Differences in the 
proteomic profiles might give indications of protein biomarkers for 
radiosensitivity screening that could be used in combination with 
screenings of 8-oxo-dG levels. There are preliminary results 
indicating that 8-oxo-dG levels from whole blood irradiated in vitro 
can be used to screen for severely radiosensitive patients1. However 
additional markers would improve reliability and the proteomic study 
might reveal additional biomarkers. Preliminary results will be 
presented at the conference. 
1Haghdoost etal. (2001) Int. J. Radiat. Oncol. Biol. Phys. 50 (2) 405-
10. 
 
POS24-26. FROM TISSUE TO CELL Uranium microdistribution 
by «SIMS» technique. David Suhard, C. Tessier, L. Grandcolas, F. 
Rebiere, Y. Gueguen, IRSN, France 
 
The ENVIRHOM research French program supported by the Institute 
for Radioprotection and Nuclear Safety (IRSN) is intended to improve 
assessment of the risks to the population and the ecosystems 
associated with chronic exposure to low levels of radioactive 
contaminants. The main objectives are to study the bioaccumulation 
processes of radionuclides and also the biological effects correlated 
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with this exposure on the human model (rats, mice). Uranium is one of 
first studied elements in this program. 
 The understanding of the transport and transfer mechanisms of 
radionuclides incorporated according to the chronic mode in the 
population requires the establishment of contaminants distribution 
cartographies in the biological structures which are the targets of 
bioaccumulation phenomenon. Among the analysis and micro-
imaging techniques, the ion microscopy based on the secondary ion 
mass spectrometry (SIMS), represents a performing tool to 
characterize the preferential sites of radioelements accumulation at 
tissue and cell level. 
In vivo experiments have been realized to examine (renal cortex of 
rats exposed to this element by drinking water U: 40mg/L) uranium 
accumulation process at different contamination durations (from 6 to 
18 months). For each area analysed, mass spectra at around isotope 
238 of uranium and ionic images have been obtained with a SIMS 
CAMECA 4F-E7. 40Ca+ images give the histological structure of the 
cortex and 238U+images show uranium accumulation within different 
the structures. The results have showed selectivity sites of uranium 
distribution in function of the contamination duration. For 6 to 12 
months exposure the SIMS data reveal that the radioelement is 
confined in proximal convoluted tubule structures. For the 18 months 
exposure, uranium is accumulated in all structures. 
In vitro experiments (human cells models) have been also realised to 
study uranium accumulation process in the different compartments. 
Optical and ionic images have displayed for the first time the 
distribution profile of this element within cells. 
These cartographies by SIMS will be an important contribution in 
addition to ICPS-MS and MET techniques to explain and interpret the 
mechanisms of radionuclides transport in the different organs of the 
living beings. 
 
POS24-27. Global methylation responses to low dose radiation 
exposure. Pamela Sykes1, M. Newman1, B. Blyth1, E. Bezak2, R. 
Ormsby1, 1: Flinders University, Australia 2: Royal Adelaide 
Hospital, Australia 
 
At high radiation doses, DNA double-strand breaks are considered the 
critical lesion in initiation of radiation-induced carcinogenesis. 
However, at the very low radiation doses relevant for the general 
public, the induction of DNA double-strand breaks will be rare, 
and  other mechanisms such as DNA methylation changes are likely to 
play a role. We developed a sensitive assay to measure the levels of 
DNA methylation across the mouse genome by analysing a stretch of 
DNA sequence within Long Interspersed Nuclear Elements-1 (LINE1) 
that comprise a very large proportion of the mouse and human 
genomes. Using bisulphite modification followed by quantitative real-
time PCR and high-resolution melt analysis, a very large pool of DNA 
sequences from throughout the genome can be studied indicating gain 
or loss of methylation across more than ten CpG‘s per amplicon 
simultaneously. We validated the assay in vitro using the chemical 
demethylating agent 5‘-aza-2`-deoxycytidine with changes at as few 
as 3% of CpG‘s being reproducibly detected. We have demonstrated a 
difference in the baseline levels of in vivo DNA methylation between 
male and female mice and between different tissues. Our initial results 
suggest no significant short-term changes in global DNA methylation 
after whole-body X-radiation doses of 10 μGy or 10 mGy, with a 
significant transient increase in DNA methylation observed 1 day after 
a 1 Gy irradiation. If the low radiation doses tested are inducing 
changes in global DNA methylation, these would appear to be smaller 
than the natural variation observed between the sexes and following 
the general stress of the sham-irradiation procedure itself. This 
research was funded by the Low Dose Radiation Research Program, 
Biological and Environmental Research (BER), US Department of 
Energy, Grant DE-FG02-05ER64104 and MN is the recipient of the 
FMCF/ BHP Billiton Low Dose Radiation Research Scholarship. 
 
POS24-28. Frequencies of Chromosomal Translocation and Clone 
in Spleen Lymphocytes from Mice Continuously Irradiated with 
Low-Dose-Rate Gamma-Rays. Kimio Tanaka, A. Kohda, Insititute 
for Environemnal Sciences, Japan  
 
Background: Chronically exposed individuals to very low-dose 
radiation, such as residents in high-background areas in China have 
slightly higher chromosomal translocations than non-exposed 
individuals, but the relationships between frequency of chromosome 
aberration rates or clones and total dose or dose-rate has not well 
studied. As epidemiologically studies of human populations exposed 
to very low-dose radiation have uncertainties and are influenced by 
confounding factors such as smoking, as mouse study will be 
necessary. 
 Objectives: We studied on dose and dose-rate -effects of chromosome 
aberration rate at low-dose-rate (LDR) region. Methods: SPF female 
C3H mice were exposed from 8 weeks of age to 125 to 720 days with 
continuous 137Cs-γ-ray irradiation at LDRs (1 mGy/day and 20 
mGy/day). Spleen lymphocytes from mice were cultured for 46h in 
the presence of LPS, Con A, and 2-ME to obtain metaphase spreads, 
and dicentric chromosome and translocations were observed using 
multiplex-FISH method.  
Results: Incidences of dicentrics and translocations increased almost 
linearly up to a total accumulated dose at these LDRs. The values of 
regression coefficient in the linear regression lines for dicentric 
chromosomes, decreased as the dose rate was lowered from 20 
mGy/day to 1 mGy/day, but not for translocation. Dose and dose-rate 
effectiveness factor (DDREF) were obtained to be 2.3 for 
translocations using the results of irradiations of high dose rate and 
LDR(20 mGy/day). Clones having such as derivative chromosome 15 
was observed in low frequencies in LDR (1 mGy/day)-irradiated and 
non-exposed mice only, but not observed in LDR (20 mGy/day)–
irradiated mice. Clone formation was found at 200 days after initial 
irradiation (total doses of 4000 mGy) in mice irradiated at LDR (20 
mGy/day), and at 617 and 720 days at 1 mGy/day.  
Conclusions:The results indicate that there were dose or dose-rate 
effects on formation of chromosome aberrations at a LDR region. 
These are useful information for evaluating the risk of low dose 
radiation in human. This study was performed under contract with the 
Aomori Prefectural Government, Japan. 
 
POS24-29. Cancer risk and low dose diagnostic radiation in Trp53 
heterozygous mice. Kristina Taylor, N. Phan, L. Laframboise, M. 
Ellen Cybulski, D.R. Boreham, McMaster University, Canada  
 
The cancer risk associated with exposure to low doses of ionizing 
radiation has traditionally been extrapolated from effects observed at 
high doses and high dose rates using a linear no threshold model. 
Based on this approach, it has been postulated that human exposure to 
medical imaging involving low doses of x-rays and gamma rays 
increase an individual‘s risk of developing cancer throughout their 
lifetime. In these experiments, the influence of adapting doses of 
diagnostic radiation on survival, cancer frequency and cancer latency 
in Trp53 heterozygous mice subsequently exposed to a high dose was 
evaluated. Mice were exposed to an acute 4 Gy γ dose at 7-8 weeks of 
age (n=200). Other groups received a single 10 mGy CT scan (75kVp, 
200µA) or PET scan (18F-FDG) 24 hours prior to this 4 Gy dose 
(n=200).  Another group received the 4 Gy dose followed 4 weeks 
later by weekly CT scans over a course of 10 weeks (100 mGy 
total).  The frequency and latency of lymphomas (T or B Cell) and 
osteosarcomas were used as endpoints to evaluate cancer risk.  There 
were no significant differences in median lifespan or overall survival 
between the groups.    
 
POS24-30. Low dose and dose rate effects of proton irradiation on 
muscle and neural precursor cells. Bertrand Tseng, M. Lan, J. Cho-
Lim, J. Bahari, E. Giedzinski, C. Limoli, University of California, 
Irvine, USA 
 
Proton irradiation of multipotent stem and precursor cells elicits 
persistent oxidative stress that impacts radiosensitivity, mitochondrial 
function, and cell fate.  Throughout life these stem cells play critical 
roles in the development and maintenance of health.  Their capability 
to continually regenerate provides the tissues of the body with the 
means to counteract exposure to damaging agents, space radiation, 
disease and aging.  While the mechanisms regulating the responses of 
tissue-specific stem cells and their immediate progeny to stress are 
diverse, underlying themes are emerging that suggest changes in redox 
state are critical.  These alterations in oxidative stress may prime stem 
cell pools for the adaptation and remodeling of the irradiated tissues in 
which they reside. 
We have examined the capability of low doses and dose rates of 
proton irradiation to modulate redox state in muscle and neural 
precursor cells. Radiation impairs the capability of muscle to undergo 
compensatory hypertrophy, and in mouse models deficient for 
antioxidant enzymes, elevated muscle wasting and impaired growth 
are evident.  Our work shows that low dose proton irradiation 
produces persistent oxidative stress in muscle precursor cells. 
In the CNS, irradiation of multipotent neural stem and precursor cells 
has been shown to cause persistent oxidative stress.  The nature, 
magnitude and duration of reactive species dictate whether these 
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radiation-induced changes are harmful or beneficial to a variety of in 
vitro and in vivo endpoints including viability and function.  We 
believe that alterations found in oxidative stress are likely to underlie 
a portion of the radioadaptation elicited by low priming doses of 
protons to protect the precursors from a second higher challenge dose. 
Preliminary data suggests that the dose, dose rate and interval between 
the priming and challenge doses may impact the magnitude of the 
subsequent radioadaptation. Our results demonstrate the effects of 
proton irradiation on various stem cell types highlighting the 
importance of understanding the redox microenvironment with respect 
to these stem cell niches.  
 
POS24-31. Low-dose radiation and cancer therapy. Guanjun 
Wang1, L. Cai2, W. Li1, 1: Jilin University, China 2: University of 
Louisville, USA 
 
Using mouse model, we have demonstrated the stimulating effects of 
LDR (75 mGy of X-rays) on bone marrow hematopoietic progenitor 
cell (HPC) proliferation and peripheral blood mobilization. LDR-
mobilized donor HPCs were able to efficiently repopulate blood cells 
in lethally irradiated recipient mice, suggesting that LDR-induced 
hematopoietic hormesis may provide a potential approach to clinical 
use for HPC peripheral mobilization to reconstructive therapy of 
damage organs due to variety of pathogeneses. To address whether 
LDR may not only stimulate HPC proliferation and peripheral 
mobilization, but may also stimulate tumor cell proliferation and 
metastasis, two leukemia cell lines and five solid tumor cell lines 
together with four normal human cell lines were used to determine 
whether exposure to low-dose radiation (25 to 200 mGy X rays) can 
cause a stimulating effect on cell proliferation. A stimulating effect 
was found in the normal cell lines but not in the two leukemia and five 
solid tumor cell lines in response to low-dose radiation exposure in 
vitro. We found that LDR also induced an adaptive response to 
subsequently radiation-induced inhibition on cell proliferation in 
normal cells, but not in leukemia and solid tumor cells in vitro. To 
provide further evidence for the absence of LDR-induced stimulating 
effects in tumor cells in vivo, cells of two solid tumor cell lines were 
implanted in nude mice. Exposure of tumor cells in vitro before 
implantation in nude mice or of tumor-bearing mice to LDR (75 mGy 
X rays) did not stimulate tumor growth compared to the tumor-bearing 
mice without low-dose radiation exposure. These results suggest that 
LDR stimulates growth of normal cells but not of leukemia and solid 
tumor cells in vitro and also does not stimulate growth of solid tumor 
cells in vivo. With the assistance of proteomic approaches, we found 
the profiles of protein expressions induced by LDR in normal cells 
and tumor cells are significant different. These distinct proteins are 
related to cell cycle, stress response, metabolism signaling pathways. 
For instance, LDR-induced hormetic response in normal cells was 
mediated by up-regulation of ERK-dependent cell proliferation while 
LDR did not stimulate ERK-dependent cell proliferation signaling. 
 
POS24-32. Murine comparative genomics identifies low-dose 
responsive pathways associated with human breast cancer risk 
and poor prognosis. Andrew J. Wyrobek, A. M. Snijders, F. 
Marchetti, J. Han, S. Bhatnagar, N. Duru, Z. Hu, J. Mao, M. Bissell, J. 
Gray, Lawrence Berkeley National Laboratory, USA 
 
Individuals with defective low-dose damage response mechanisms are 
more likely to be at risk for radiation-inducible diseases, such as 
breast cancer. As a means to better understand tissue mechanisms that 
control radiation-induced breast cancer, we investigated genotypic 
variation in low-dose damage response pathways in the mammary 
glands (MG) of 2 strains of mice that differ in their susceptibilities to 
radiation-induced MG cancers (sensitive BALB/c vs. resistant 
C57BL/6). MG tissues were sampled at 4 hr (for early response) and 1 
month (for persistent response) after 4 weekly fractionated 7.5cGy 
exposures, using sham and 1.8 Gy groups as reference. There were 
significant strain differences in low-dose non-linearities (both 
qualitative and quantitative) and thresholds for induction of 
expression. The early low-dose responses of sensitive BALB/c mice 
were associated with inflammation, hypoxia and functions related to 
MG development (p<0.05), not detected in similarly treated C57BL/6 
mice. The persistent low-dose MG responses of both strains involved 
mitotic and microenvironmental functions with underlying genes 
generally expressed in opposite directions. Matching direction of 
expression in low-dose irradiated mice against ~950 genes integrated 
from 42 human breast cancer signatures identified ~35 cell-cycle and 
stromal genes associated with increased cancer risk in the sensitive 
BALB/c mice, with opposite responses in resistant C57BL/6 mice. We 
also identified ~30 genes linked to poor prognosis for human breast 
cancer whose expression was increased after low dose radiation in the 
sensitive BALB/c mice relative to C57BL/6.  Our findings 
demonstrate the importance of genetic background on radiation 
damage response functions of MG tissue and identified new candidate 
mechanisms and biomarkers of genetic susceptibility for low-dose 
induced breast cancer.  These findings are highly relevant for the large 
and growing numbers of individuals exposed to low-dose radiation 
from natural sources, nuclear industry accidents and medical 
procedures. [Supported by the DOE Low Dose SFA Program at 
Berkeley Lab under DOE Contract No. DE-AC02-05CH11231] 
 
POS24-33. Distribution of Soluble Uranium in the Nuclear Cell 
Compartment of Kidney Cell and Relation to Toxicity. Gueguen 
Yann, D. Suhard, C. Rouas, L. Grandcolas, I. Dublineau, C. Tessier, 
IRSN, France 
 
Non-cancerous biological effects of chronic low doses exposure of 
radionuclides on human beings is of major concern worldwide but is 
poorly known. Uranium is one of the most public health-concern 
radionuclide as it is naturally found in the environment and its 
extensive use may result in the increase human exposure. Up to now, 
kidney cells were mainly used as in vitro models to study effects of 
uranium exposure as its main described target organ is the kidney. The 
aim of this work was to assess subtoxic concentration and to study the 
localization of uranium and the impact of depleted uranium (DU) 
exposure at cellular level in human kidney cell line (HEK-293). 
Cell viability test was used to evaluate the DU cytotoxicity. 
Distribution of uranium into cells was undertaken by SIMS 
(secondary ion mass spectrometry) technology, an isotopic analysis of 
a solid surface by ion beam coupled with a mass spectrometer. 
Cytotoxicity study showed that the threshold of mortality was similar 
to other kidney cell line (> 300µM). Uranium was localized in cells 
with SIMS technology. Results showed that uranium precipitates at 
subtoxic concentration above 100 µM. With this approach, we were 
able for the first time to observe soluble form of uranium in the cell at 
low concentrations (10-100 µM). Moreover, this technique allows us 
to localize it mainly in the nucleus [1]. Relation could be discussed 
with recent studies showing that uranium induces biological effect in 
kidney cells at subtoxic concentration including dysregulation of gene 
expression involved in signal transduction and trafficking or in 
development and cell proliferation [2-3]. 
These innovative results open new perspectives for studying the 
mechanisms of uranium chemical effect on cell viability and function 
at low level and raise the question of how uranium penetrates into 
cells and more particularly in the nuclear compartment in its soluble 
form. 
 [1] Rouas, C., et al., Distribution of Soluble Uranium in the Nuclear 
Cell Compartment at Subtoxic Concentrations. Chem Res Toxicol, 
2010. 23(12): p. 1883-1889. 
[2] Prat, O., et al., Transcriptomic and proteomic responses of human 
renal HEK293 cells to uranium toxicity. Proteomics, 2005. 5(1): p. 
297-306. 
[3] Thiebault, C., et al., Uranium induces apoptosis and is genotoxic 
to normal rat kidney (NRK-52E) proximal cells. Toxicol Sci, 
2007. 98(2): p. 479-87. 
  
POS24-34. Mortality due to diseases of infectious etiology in 
northern part of East-Ural Radioactive Trace. Ilia Yarmoshenko1, 
L. Konshina1, G. Malinovsky1, I. Tuzankina2, 1: Institute of Industrial 
Ecology, Russian Federation, 2: Institute of Immunology and 
Physiology, Russian Federation 
 
Considerable amount of radioactive substances had been released after 
accidental explosion of waste storage tank at former soviet plutonium 
production plant ―Mayak‖ in 1957. Atmospheric transfer and fallout 
caused contamination of the environment by Sr-90 and short-lived 
radionuclides (East-Ural Radioactive Trace, EURT). Due to 
consumption of contaminated food and milk gastrointestinal organs 
and bone and bone marrow received higher radiation exposure than 
other organs. Early we found excess gastrointestinal cancers mortality 
in EURT population. The purpose of current study is assessment of 
non-cancer radiation health effects that can appear as result of bone 
marrow exposure with special attention to diseases of infectious 
etiology and its complications with established immune dependence. 
Available register on causes of deaths of EURT northern part rural 
population was applied as source of epidemiological data. Register 
records related to the settlements where initial surface contamination 
by Sr-90 was bellow and above 3.7 kBq/m2 were included to 
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unexposed (4 844 records) and exposed (6 158 records) group 
respectively. Mean bone surface dose in exposed and unexposed 
group are 90 and 7 mGy respectively, with maximal dose 0.85 Gy. 
The following final diagnoses documented in death certificates were 
considered: acute pankreatit, appendicitis, cerebral abscess, chronic 
bronchitis, diphtheria, dysentery, echinococcus, encephalitis, 
erysipelas, furunculosis, influenza, measles, osteomyelitis, peptic 
ulcer, pneumonia, purulent otitis, pyelonephritis, septicemia, syphilis, 
tonsillitis, tuberculosis, whooping cough etc. The analysis consisted of 
comparison of proportionate mortality due to listed diagnoses and life 
durations in exposed and unexposed groups. Estimated total number 
of excess deaths due to diseases of infectious etiology in exposed 
group is 86±49 (with 90% confidence interval) of 401 observed in 
period 1958-2000 and excess total years of life lost is 1023±471. Sex, 
age at exposure and time since exposure patterns of risk were studied. 
Thus increasing of mortality due to infectious diseases with severe 
course and its complication was found, that can be associated with 
radiation exposure of immune system and bone marrow in particular. 
 
POS24-35. Study of Abnormalities During Early Ontogenesis of 
the Common Reed‘s Germs in Conditions of Long-Term Ionizing 
Radiation Impact. Andrian Yavnyuk1, N.L. Shevtsova2, D.I. 
Gudkov2, 1: National Aviation University, Ukraine, 2: Institute of 
Hydrobiology of NAS of Ukraine 
 
Complicated radioecological situation in the world requires in-depth 
and comprehensive studies of biological effects of ionizing radiation 
on non-human biota, particularly on aquatic species. One of the most 
radiosensitive stages of plants ontogenesis is the process of generative 
reproduction. Seeds of the common reed (Phragmites australis (Trin) 
Ex. Steud) of 2009 vegetation year were planted in laboratory 
conditions. Specimens were sampled from closed and weakly-flowing, 
natural and man-made water bodies within Chernobyl exclusion zone 
(lakes Glyboke, Daleke, Azbuchyn, Yanivsky Creek and Cooling 
pond of Chernobyl NPP) and water bodies with background level of 
radionuclide contamination (Kyiv Reservoir and Verbne Lake). 
Biological characteristics of seeds were assessed using the methods of 
vitality indexes analysis (technical germinating ability, germinating 
energy, survivability), assessment of germs ontogenesis disturbances 
and abnormalities. Absorbed dose rate for plants was calculated using 
dose conversion coefficients (DCC) for incorporated radionuclides 
and dissolved ones in aquatic environment as well as gamma 
background analysis. It varied in ranges: 2.2-12.0 cGy year-1 – in 
polygon water bodies, 0.03-0.3 cGy year-1 – in water bodies with 
background level of radionuclide contamination. Low seeds vitality 
indexes: germinating ability (60–73 %), germinating energy (31–57 
%) and survivability (38–53 %) in all polygon water bodies of the 
Chernobyl exclusion zone were calculated. In water bodies with 
background level of radionuclide contamination normal vitality 
indexes (83-93, 87-91 and 48-54 %, correspondingly), were defined. 
Wave-like behaviour of roots and leafs speed dynamics was registered 
in polygon water bodies. High abnormalities percent in the most 
contaminated polygon water bodies (up to 69 %) in comparison with 
samples from water bodies with background level of radionuclide 
contamination (up to 24 %) was determined. Thus, low vitality, 
significant disorders of germs ontogenesis and high abnormalities 
percent of the common reed‘s seed progeny were indicated in water 
bodies with high level of radionuclide contamination. Obtained data 
may be used in radioecological monitoring of radioactive 
contaminated water bodies and complex risk assessment for aquatic 
biota. 
  
POS24-36. Database of radiogenic cancer in experimental animals 
exposed to low doses of ionizing radiation. Jan M. Zielinski1, K.S. 
Crump2, P. Duport3, H. Jiang4, N.S. Shilnikova4, D. Krewski4, 1: 
Health Canada, Canada, 2: Department of Mathematics and Statistics, 
Louisiana Tech University, USA, 3: International Centre for Low 
Dose Radiation Research, University of Ottawa, Canada, 4: 
McLaughlin Centre for Population Health Risk Assessment, 
University of Ottawa, Canada 
 
At present, there remains a substantial degree of scientific uncertainty 
about the nature of the relationship between exposure to low doses of 
ionizing radiation and cancer risk. While epidemiological studies in 
humans are, and will remain, an important source of information on 
health risks associated with exposure to ionizing radiation, the results 
of animal experiments can substantially add to our knowledge on the 
form of relationship between dose and cancer risk. Laboratory animals 
within a given experiment represent a homogeneous population with 
relatively little biological variability. Animal experiments are 
conducted under controlled conditions with excellent estimates of 
radiation dose.  
A comprehensive database of animal carcinogenesis experiments 
involving exposure to different types of ionizing gradation was 
created. The database consists of 800 datasets drawn from 262 
experiments. It includes data on 87,982 exposed and 37,111 
unexposed (control) animals. Based on visual examination of the data, 
six major patterns of dose-response were observed. Four patterns (U-
shape, J-shape, no apparent effect, no cancers in exposed and control 
animals) showed no evidence of effect or a decrease in cancer 
incidence at low doses, and two patterns (dose-related increase in 
cancer incidence and inverse U-shaped) showed some evidence of a 
radiation effect at low doses.  
Statistical analysis (both parallel analysis of individual datasets and a 
meta-analysis of the entire data) was conducted to determine the 
meaning of frequently observed crude negative dose-response slopes 
at low doses. In parallel analyses, similar methods were applied to all 
datasets. In meta-analysis, it was important to address not simply 
whether or not individual dose-responses can be found that 
demonstrate statistically significant evidence for U-shapedness, but 
whether these U-shaped dose-response curves occur with a frequency 
that is too large to be attributable to chance.  
The results of these analyses provided at most limited evidence of 
hormesis. However, this finding should not be interpreted as evidence 
against the hypothesis of radiation hormesis, since the power to detect 
a hormetic effect in the currently available animal carcinogenicity 
literature is limited by the relatively small number of studies at low 
doses. 
 
POS24-37. Adaptive DNA repair response in Medaka fish 
subjected to transgenerational chronic low-dose irradiation. John 
Zimbrick1, O. Moskalenko2, D. Grygoryev3, T. Hinton4, 1: Colorado 
State University, USA, 2: University of Minnesota, USA 3: Oregon 
Health & Science University, USA, 4: IRSN, France 
 
This is the first work to show the relationships between DNA damage 
including base oxidation of 8-hydroxyguanine (8-OHG) and double-
strand breaks (DSB) and transcript changes in a vertebrate model 
organism under continuous transgenerational low dose-rate gamma 
irradiation. The Japanese medaka fish is a useful model for this study 
thanks to its short generation time and ability to survive and reproduce 
while subjected to the long-term ionizing irradiation. For doses from 3 
to 9 cGy the yields of 8OHG in muscle tissues linearly increased over 
the first three generations (F1-F3) then dropped in the fourth 
generation (F4). In the 30 – 80 cGy range 8-OHG yields increased 
from F0 and were similar in F1 – F3, but dropped in F4 as in the lower 
dose range. The yields of DSB in muscle tissues were similar in F0 – 
F3, but dropped in F4. In liver tissues the yields were similar in F0 – 
F2, but increased significantly in F3 and then dropped in F4. These 
data suggest that very low chronic doses do not trigger the 8-OHG 
repair responses in F1 – F3 so 8-OHG accumulates in the genomic 
DNA. By F4 medaka appear to have received sufficient doses to 
stimulate 8-OHG repair in an adaptive response. Human glycosylase 
Ogg1 is a key component of the Base Excision Repair pathway for the 
removal of 8-OHG. Medaka Ogg1 ortholog is highly similar in 
structure to mammalian genes. Its catalytic center is highly conserved 
reflecting evolutionary pressure to preserve critical defense 
mechanisms. Medaka Ogg1 transcript level changes correlate with the 
8-OHG levels in F0 – F4 muscle tissues. Transcriptional profiling of 
F0-F4 muscle tissues with microarrays indicates an intricate interplay 
of biological networks involved in dermatological, inflammatory and 
hepatic diseases, developmental and genetic disorders, cell cycle, 
cellular growth, proliferation and death, cellular and tissue 
development, organismal injury and abnormalities, and cancer. Large 
changes were observed in transcripts related to free radical 
scavenging, DNA replication, recombination, and repair, nucleic and 
amino-acid metabolism, tissue and nervous system development and 
function, cell cycle, signaling and death, metabolic and neurological 
diseases. Many pathways show a decline in F1-F3 generations and a 
recovery or drastic increase in F4, which correlates with the DNA 
damage data. 
 
POS25 Stem cells 
 
POS25-01. The role of MAPK phosphatase, MKP1, in 
radioresistance of breast cancer stem cells. Demet Candas, M. Fan, 




Although the overall cure rate of primary tumors has been 
significantly improved in the last three decades, metastatic and 
recurrent tumors with aggressive growth and therapy-resistance 
remain to be the major factors shortening breast cancer patients‘ 
survival. Cancer stem cells (CSCs) with the ability to differentiate and 
self-renew are identified in almost all human tumors and several 
important findings have revealed a role of CSCs in tumor 
radioresistance. The detailed mechanisms underlying CSCs‘ 
radioresistance is far from being clear but is urgently needed to be 
elucidated. Recent evidence suggest that activation of MAPK 
phosphatase 1 (MKP1) is a key factor of pro-survival network induced 
in breast cancer cells following chemo- or radiotherapy. We have 
shown that radiation-induced NF-κB-mediated MKP1 overexpression 
is able to increase breast cancer cell survival by attenuating pro-
apoptotic c-Jun N terminal kinase, JNK, signaling. Recently, we have 
found that MKP1 is present in mitochondria and mitochondrial MKP1 
levels are significantly enhanced in irradiated breast cancer 
cells.  These new findings suggest that radiation is able to not only 
enhance MKP1 gene transcription but also increase MKP1 
translocation to mitochondria, where MKP1 is able to 
dephosphorylate and inactivate JNK to inhibit radiation-induced 
apoptosis. Furthermore, we have shown that MKP1 mitochondrial 
localization is a feature of radioresistant breast cancer cells. In a recent 
study, we have found that a radioresistant subpopulation of breast 
cancer cells display similar characteristics to CSCs with CD44+/CD24-
/low feature. The data encouraged us to test whether the proposed 
MKP1-mediated radioresistance mechanism is present in 
CD44+/CD24-/low current breast cancer stem cells. Successful outcome 
of this study will provide critical insights on the aggressive phenotype 
of breast tumors, mainly recurrent/metastatic tumors, and define novel 
diagnostic and therapeutic targets to re-sensitize resistant cancer cells. 
 
POS25-02. Response of Normal and Transformed Human 
Embryonic Stem Cells to Ionizing Radiation. Steve Dingwall, 
Department of Medical Physics, McMaster University, Canada 
 
The purpose of this study is to determine the relative effects of γ 
irradiation on normal human embryonic stem cells (hESCs) and 
hESCs showing features of neoplastic progression (t-hESCs), to 
identify potential targets for therapeutic intervention.  These cell types 
are being used, as they provide a unique opportunity to compare a 
normal cell type, with the innate capacity for self renewal and 
proliferation, to a transformed counterpart.  The t-hESCs have been 
previously characterized and shown to have increased proliferation, 
growth factor/ niche independence, enhanced capacity for teratoma 
formation, and have been shown to be refractory to differentiation 
down the neural and hematopoietic lineages.  Both the hESC and t-
hESC cells have be cytogenetically characterized by g-banding, 
spectral karyotyping (SKY) and comparative genomic hybridization 
(CGH) .  The hESC cells were found to be normal by all endpoints 
characterized, and a small 20q 11.1-11.2 amplification was detected in 
the tHESC cells, via CGH (Werbowetski-Ogilvie et al, 
2009).  Apoptosis levels were measured in hESCs and t-hESCS, via 
annexin/7AAD, 8 hours after an exposure to 4Gy of 70kvP X-rays.  t-
hESCs were found to be refractory to the induction of apoptosis, 
relative to the hESCs (p<0.01).  BrdU incorporation and 7AAD 
staining were used to assess the cell cycle response of both cell lines 
12, 24, 48 and 72 hrs after an exposure to 4Gy of 70kvP X-rays.  Both 
cell lines exhibited cell cycle arrest primarily at the G2 
checkpoint.  Both cell lines exhibited maximal cell cycle arrest 12-24 
hrs post irradiation and returned to normal cell cycle distribution by 
72 hrs post irradiation.  A significantly larger proportion of normal 
human embryonic stem cells hESC cells were present in the G2 phase 
of the cell cycle, 12 hrs post irradiation, relative to t-
hESCs.  Currently these cells are being used for the formation of 
teratomas, to test the in vivo radiation sensitivity between these two 
cell types and compare the efficacy of acute and fractionated doses of 
radiation.    
 
POS25-03. The radiosensitivity of neural stem cells derived from 
mouse embryonic stem cells: Proliferation, cell cycle regulation 
and DNA double-strand break repair. Mayu Isono1, T. Konishi2, N. 
Shiomi2, N. Suya2, N. Inoue1, 1: Tokyo Metropolitan University, 
Japan 2: National Institute of Radiological Sciences, Japan 
 
Radiation exposure to developing fetal period is known to cause 
neuronal disorders, such as neuronal dysfunction, microcephaly and 
mental retardation, which are considered mainly due to the radiation 
damage produced in neural stem cells (NSCs). NSCs, which are the 
dominant number in the fetal brain, have an ability to proliferate itself, 
and differentiate into other cell types that construct the central nervous 
system (CNS), such as neurons, astrocytes and oligodendrocytes. 
Recently, it has been reported that NSCs exist in an adult brain. Thus, 
investigation on radiation biological effects against NSCs would be 
one of the important studies for radiation risk assessment, such as for 
the field of radiation therapy, and health risks against space 
environmental radiation exposure. 
The purpose of this study was to examine the cellular responses of 
proliferating NSCs against X-ray irradiation. Following biological 
endpoints were measured to demonstrate the radio-sensitivity of 
NSCs: maintenance of its ability to proliferate as NSCs, growth curve, 
cell cycle regulation and DNA repair. The NSCs were prepared from 
embryonic stem cells (HK cell line) of C57BL/6 mice using Neural 
Stem Sphere method that has established originally. The cells were 
irradiated up to 10 Gy by 200 kVp X-ray. 
Our findings demonstrated that NSCs, which survived after X-ray 
irradiation, maintained its ability as stem cells. Cellular responses, 
such as cell cycle arrest due to the DNA damage recognized at G1 and 
G2/M check points, and the linear-quadratic repair kinetics of DNA 
double-strand break repair, were similar to other mammalian cell 
lines. Further investigation on radiation sensitivities of NSCs in 
proliferation condition is necessary, and clarifying the correlation 
between the radiation-induced DNA damage in proliferative NSCs 
and its effect in the differentiation pathway will give the important 
information on radiation risks against in CNS. 
 
POS25-04. Loss of a Bcl11b allele promotes proliferation of stem 
cells in the mouse small intestine after γ-irradiation. Yoshinori 
Katsuragi, A. Sakamaki, M. Obata, Y. Mishima, R. Kominami, 
Grad.Sch.Med.&Dent.Sci., Niigata University, Japan 
 
Radiation effect has been studied on mouse intestinal epithelial cells 
(IECs) that consist of stem cells and progenitors in the crypt and 
differentiated cells in flanking villus regions. The stem cells are 
classified into two types of cells, one of which is label-retaining cells 
at position+4 (+4 LRCs) and the other is Lgr5+ CBC cells at the crypt 
base. Recent papers indicate that +4 LRCs, which are thought to be 
potential stem cells, may undergo transient activation to generate CBC 
active stem cells and progenitors under various conditions of stress or 
injury including γ-irradiation. Bcl11b encodes a transcription factor 
that plays a tumor-suppressive role in lymphoma/leukemia and is 
expressed in the crypt cells. Here we show that loss of a Bcl11b allele 
affects the regeneration capacity of IECs after g-irradiation. We 
investigated the migration rate of IECs along the crypt-villus axis, by 
BrdU administration and chase for 3 days. Most of the BrdU+cells 
reached near the end positions (positions 36-48) and the migration rate 
did not differ betweenBcl11bKO/+ and Bcl11b+/+ IECs. Consistently, no 
difference was seen in the proliferation rate between the two. In 
contrast, whole body γ-irradiation (12 Gy) gave differences in the 
migration and proliferation rates. The distribution of BrdU+ cells at 3 
days after was more lowered in Bcl11b+/+ mice than 
in Bcl11bKO/+mice. Also, inhibition of BrdU incorporation at 16 h after 
irradiation was more in Bcl11b +/+ CBC cells, indicating 
that Bcl11bKO/+ CBC cells were more refractory to radiation-induced 
cell cycle arrest. This may account for the difference in cell migration. 
Central to the DNA damage checkpoint is p53 tumor suppressor. As 
expected, p53 was less activated in crypt cells of Bcl11bKO/+ IECs after 
irradiation. Together, these results suggest that the loss of 
a Bcl11b allele promotes proliferation of CBC cells by elevating 
radio-resistancy or enhancing transient activation of +4 LRCs after 
irradiation 
 
POS25-05. Importance of PKCδ signaling in fractionated 
radiation-induced expansion of glioma-initiating cells and 
resistance to anticancer treatments. Min-Jung Kim1,2, R-K. Kim1, 
C-H. Yoon1, I-G. Kim2, S-J. Lee1, 1: Department of Chemistry, 
Research Institute for Natural Sciences, Hanyang University, South 
Korea, 2: Department of Radiation Biology, Nuclear Environmental 
Safety  Research Division, Korea Atomic Energy Research Institute, 
South Korea 
  
Purpose: Brain tumors frequently recur or progress as focal masses 
after treatment with ionizing radiation. However, the mechanisms 
underlying the repopulation of tumor cells after radiation have 
remained unclear. In this study, we show that cellular Abelson murine 
leukemia viral oncogene homolog (c-Abl)-protein kinase Cδ (PKCδ) 
signaling is critical for fractionated radiation-induced expansion of 
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glioma-initiating cell populations and acquisition of resistance to 
anticancer treatments. 
Experimental procedures: Treatment of human glioma cells with 
fractionated radiation increased c-Abl and PKCδ activity, expanded 
the CD133-positive (CD133+) cell population that possesses tumor-
initiating potential, and induced expression of glioma stem cell 
markers and self-renewal-related proteins. Moreover, cells treated 
with fractionated radiation exhibited resistant to anticancer treatments. 
Small interfering RNA (siRNA)-mediated knockdown of PKCδ 
expression blocked fractionated radiation-induced CD133+ cell 
expansion and suppressed expression of glioma stem cell markers and 
self-renewal-related proteins. It also suppressed resistance of glioma 
cells to anticancer treatments. Similarly, knockdown of c-Abl led to a 
decrease in CD133+ cell populations and restored chemotherapeutic 
sensitivity. It also attenuated fractionated radiation-induced PKCδ 
activation, suggesting that c-Abl acts upstream of PKCδ. 
Summary: We found that fractionated radiation-induced PKCδ 
activation was associated with c-Abl tyrosine kinase. siRNA targeting 
of c-Abl attenuated fractionated radiation-induced enrichment of the 
glioma-initiating cell population and effectively restored 
chemotherapeutic sensitivity, suggesting that c-Abl is located 
upstream of PKCδ activation in the response to fractionated radiation, 
and plays a role in the enrichment of the glioma stem-like cell 
population and the acquisition of anticancer drug resistance. 
Conclusion: We show that PKCδ activation is essential for the 
expansion and maintenance of glioma stem-like cell populations and 
acquisition of resistance to anticancer treatments induced by 
fractionated radiation. The results elucidated in this study provide 
insights that may prove pivotal in the context of ionizing radiation-
based therapeutic interventions in brain tumor. 
 
 
POS25-06. Characterization of biological response to ionizing 
radiation in mouse neural stem cells. Seiji Kodama, Osaka 
Prefecture University, Japan 
 
A stem cell can be an origin of cancer and is supposed to be a crucial 
target for radiation carcinogenesis. However, little has been known 
about the characteristics of biological response to ionizing radiation in 
stem cells. Recently, neural stem cells can be cultured as neurosphere 
whereby we can ask the radiation response in stem cells. In the present 
study, we examined two biological endpoints in mouse neurosphere 
cells for evaluating the characteristics of stem cells; the repair kinetics 
of X-ray-induced DNA double strand breaks (DSBs) and the pathway 
toward immortalization by successive subculture of the cells. 
Fibroblast cells and neurosphere cells that contain a fraction of neural 
stem cells were obtained from embryos of ICR mice at 14.5 of 
gestation. First, we investigated the repair kinetics of DSBs after 1 Gy 
of X-irradiation by scoring phosphorylated histone H2AX (gamma-
H2AX) foci and chromosome breaks visualized by premature 
chromosome condensation (PCC). The results indicated that the 
significantly less gamma-H2AX foci and PCC breaks were evident in 
the neurosphere cells than in the fibroblast cells until 1 h after 
irradiation and that the difference became small 3 h after irradiation. 
This suggests that the repair ability of DSBs in the neurosphere cells is 
more efficient than that in the fibroblast cells. Second, to establish a 
stable neurosphere cell line, we examined three successive subculture 
protocols whereby the neurosphere cells were plated at a density of 
2X105 cells into a 25-cm2 flask and subcultured every 3 days (3T2), 5 
days (5T2) or 10 days (10T2), with two additional trials (3T2 and 
10T2) for the fibroblast cells as controls. We found that the 
neurosphere cells subcultured by the 5T2 and 10T2 protocols and the 
fibroblast cells subcultured by the 10T2 protocol extremely extended 
the lifespan (>100 population doubling numbers) whereas both cell 
strains subcultured by the 3T2 protocol senesced. Chromosome 
analysis revealed that chromosome numbers in the 50% lifespan 
extended neurosphere cells showed diploid whereas those in the most 
lifespan extended fibroblast cells showed triploid and tetraploid. 
These results suggest that the pathway toward immortalization by the 
present subculture protocols is different between the neurosphere cells 
and the fibroblast cells.  
 
POS25-07. Response of human hematopoietic stem and progenitor 
cells to energetic carbon ions. Daniela Kraft1, T. Tonn2, E. Seifried3, 
S. Ritter4, M. Durante4, C. Fournier4, 1: Gesellschaft für 
Schwerionenforschung, Germany, 2: Blood Donation Service East, 
Dresden, Germany, 3: Blood Donation Service, Frankfurt/Main, 
Germany, 4: Gesellschaft für Schwerionenforschung, Darmstadt, 
Germany 
 
The increasing application of heavy ions in radiotherapy and the 
growing interest in protracted space travels are a strong motivation to 
expand the research on long term effects of radiation exposure. 
Although cytogenetic analysis has been conducted in lymphocyte 
populations, the effects in human hematopoietic stem and progenitor 
cells (HSPC), which permanent renew all blood cells, remain to be 
elucidated. 
Human CD34+ HSPC were isolated from peripheral blood of healthy 
donors and irradiated with X-rays or carbon ions (100MeV/u, 114-
158MeV/u). Chromosomal aberrations were analyzed by mFISH in 
metaphase cells 48h after irradiation. Clonogenic survival was 
determined in a 3D culture model after 14 days and the differentiation 
potential of the lineage restricted progenitors of the erythroid, 
granulocytic and monocyte-macrophage pathways were assessed 
(CFU assay). By isolation of single colonies the occurrence of 
aberrations in the progeny of irradiated HSPC was investigated 
(mFISH). 
The results revealed a linear decrease in colony forming unit ability 
after exposure to ionizing radiation (relative biological efficiency of 
carbon ions < 2). Following irradiation the cells of the erythroid 
lineage were enriched compared to cells of the granulocyte/monocyte 
lineages. In addition, the fraction of mature compared to immature 
cells was enhanced for all lineages (CFU assay). The cytogenetic 
analysis 48h after irradiation revealed a dose-dependent increase in 
aberrant cells and complex-type aberrations per cell, both effects 
being more pronounced for carbon ions than X-rays. In contrast, in the 
progeny of irradiated cells (14 days after irradiation), the yield of 
chromosomal damage was not different comparing HSPC after 
irradiation with X-rays and carbon ions. Both types of radiation 
predominantly induced reciprocal translocations, detected in 2/3 of all 
surviving colonies, whereas in 1/3 of the surviving colonies no 
aberrations were observed. Remarkably, in all these clones the 
chromosomal aberrations were transmitted clonally to the progeny of 
the irradiated cells. The relevance of the described results will be 
discussed in the light of the results on differentiation pattern and 
transmission of chromosomal aberrations obtained in engrafted HSPC 
that were xenotransplanted into NOD/SCID mice after radiation 
exposure. 
 
POS25-08. Use of the Hybrid Spheroid Assay to Measure the 
Sensitivity of Individual Patient Cancer Stem Cells. Christopher 
Lange, S. Jie, A. Groysman, T. Syed, M. Agarwal, E. Navo, B. 
Djordjevic, O. Abulafia, L. Dresner, M. Rotman, SUNY Downstate 
Medical Center, USA 
 
This study is to determine if the putative cancer stem cell (pCSC) 
fraction and treatment sensitivity of individual patient breast and 
cervical tumors, as estimated by the Hybrid Spheroid (HS) Assay, is 
consistent with data from other methods. 
HS identify fresh tumor cells capable of extensive proliferation and 
self-renewal, hallmarks of stem cells. HS are formed by mixing cancer 
test cells and fibroblasts. Spheroids of defined sizes are selected by 
filtration, distributed 1/well in 96-well ultralow attachment plates, 
treated (e.g., irradiated), and then monitored for growth. HS growth is 
due to the test cells. Using the fraction of HS that do not grow as the 
zero term of a Poisson distribution provides a measurement of 
clonogenicity and the pCSC fraction, for use with fresh tumor 
samples. 
Results: 
1) Cervical carcinoma cells, from fresh surgical samples, produced no 
colonies from 40,000 cells plated in tissue culture dishes (Plating 
Efficiency, PE < 2.5x10-5). However, when mixed 5.5% tumor cells, 
94.5% fibroblasts, to form HS, some cells were clonogenic (i.e., 
producing 10 - 15 division spheroids). 
2) The clonogenic (pCSC) fraction (PE) was 0.50 ± 0.09% in small 
(88-105 µm) & 0.76 ± 0.15% in large spheroids (105-125 µm). Ratios 
of the treated/control pCSC fractions yield single cell survival curves. 
3) Breast cancer cells, from fresh surgical samples, produced no 
colonies from 160,000 cells plated in tissue culture dishes (PE < 
6.25x10-6). However, when mixed 20% tumor cells, 80% fibroblasts, 
to form HS, some cells were clonogenic. 
4) Their respective PEs or pCSC fractions for small and large HS were 
(4.57 ± 3.95)x10-4 & (1.87 ± 0.40)x10-3. These PEs are consistent with 
the calculation from the data of Fillmore & Kuperwasser (2008) that 
only 1% of the 100 CD44+CD24-ESA+ cells (phenotype = 2% of the 




Conclusions: The measured PEs are consistent with expected CSC 
fractions. We are also testing cervical and breast cancer pCSC-
containing spheroids for tumor production in NOD/SCID/Gamma 
mice, for CSC content in second generation HS, and measuring patient 
breast and cervical tumor CSC survival curves. This assay could 
improve cure rates by individualizing cancer treatments to the 
sensitivities of each patient‘s CSCs. 
 
POS25-09. Mouse salivary gland stem cell to rescue radiation-
induced hyposalivation. Martti Maimets, L.S.Y. Nanduri, S. Pringle, 
M. Niemantsverdriet, M. van der Zwaag, M. Baanstra, R. van Os, R.P. 
Coppes, University Medical Center Groningen, Netherlands  
 
One option to rescue damage to salivary glands caused by 
radiotherapy would be stem cell therapy. In mice we showed 
previously that transplantation of c-Kit+ salivary stem/progenitor cells 
(SSC) rescued irradiated salivary gland function. The aim of this 
project is to develop cell therapy to restore irradiation-induced 
salivary gland damage. For this, a further analysis of the putative stem 
cell population in the salivary glands is necessary. To further 
characterize the exact SSC in mice, cells from salivary gland were 
cultured as salispheres, dispersed and analyzed by flow cytometry for 
expression of known stem cell markers. Salispheres contained c-Kit+, 
CD24+/CD29+, CD49f+, and CD133+ cells. Moreover, clear distinct 
populations of double positive CD24/c-Kit,  CD24/CD49f, and 
CD24+/CD29+ cells were found, but no co-expression of c-kit and 
CD133. This data was confirmed with  immuno-histochemical 
stainings of stem cells markers in the ducts of intact mouse 
submandibular gland. 
Next we transplated our defined cell populations in submandibular 
glands 30 days after local irradiation (15 Gy). Our data shows that all 
transplanted subpopulations restored salivary gland function but with 
different potencies. Interestingly, transplantion of only 500 CD24+/c-
Kit+ double positive cells per gland induced efficacious regeneration 
but with a delayed onset. The results also indicate that potentially 
multiple SSC reside in the salivary gland. To find a marker specific 
for the salivary gland and assess crucial genes involved in the 
maintenance of the salivary gland stem cells, we used a dedicated 
microarray with 263 stem cell-associated gene transcripts. 
Quantitative PCR confirmed upregulation of Bmp7, Cdh1, Cdh13, 
Notch1 and CD44 in 4-day salispheres, when compared to salivary 
glands and fibroblasts. The expression of Bmp7 was very low in 
normal submandibular gland compared to 4-day salispheres. Since 
Bmp7 plays an important role during embryonic submandibular gland 
branching morphogenesis and interacts with CD44, it represents a 
possible SSC marker.  
In conclusion,  for early and extensive regeneration of the salivary 
gland, combinations of different cell populations may be needed for 
transplantion. Specific expression of stem cell-associated genes may 
help in finding the right combination of cells. 
 
POS25-10. Effects of ionizing radiation on neural cells in 
organotypic hippocampal slice cultures and human glioblastoma 
slice cultures. Felicitas Merz1, G. Taucher-Scholz2, M. Durante2, J. 
Meixensberger3, M. Schaefer4, C. Hellwig4, F. Gaunitz3, I. 
Bechmann5, 1: University of Leipzig, Institute of Anatomy, Germany, 
2: GSI Helmholtzzentrum für Schwerionenforschung, Germany, 3: 
Clinic and Policlinic for Neurosurgery, University Hospital of 
Leipzig, Germany, 4: Institute of Pharmacology and Toxicology, 
University of Leipzig, Germany, 5: Institute of Anatomy, University 
of Leipzig, Germany 
 
Heavy ions (HI) currently raise dual interest in biomedical research: 
they can be used for tumor treatment (Schulz-Ertner et al., 2006; 
Combs et al., 2010), but may also provide harm to astronauts during 
long-term space missions. We have set up tools to explore effects on 
human brain tumors and intact brain tissues. As for the former, we 
prepared slice cultures from human glioblastoma multiforme (GBM) 
which are vital in culture for at least two weeks and developed a 
method to expose them to photons or HI as well as combined 
treatment with chemotherapeutics or novel compounds (Merz et al., 
2010; Merz and Bechmann, 2011). As for the latter, we used 
organotypic rodent entorhino-hippocampal slice preparations (OHSC, 
Kluge et al., 1998; Eyupoglu et al., 2004) and particularly focused on 
the effects of HI on the neural stem cells in this brain region (Müller et 
al. 2010, Ehninger and Kempermann, 2008). 
Our results show that in GBM, cell death increases in response to the 
different treatment options (carbon ions, photons, and/or 
chemotherapeutics); in combined treatment with carbon and 
temozolomide, there was massive cell death after 48h paralleled by 
nuclear fragmentation. Proliferation decreased in the irradiated 
samples, and DNA double strand breaks were present. In OHSC, our 
data show induction of DNA damage and repair upon exposure to 
photon and heavy ions with 1 and 4 Gy (Merz et al., 2010), and a 
decrease in glial cell proliferation 24h and 72h after irradiation, which 
recovered over time. The total number of adult neurons was not 
significantly altered over up to six weeks, and there was no indication 
of enhanced cell death. As for neural stem cells, we are currently 
analyzing the effects of irradiation on different stages of neuronal 
progenitors in the dentate gyrus in combination with proliferation 
markers (BrdU and Ki67). 
Thus, human and rodent brain slice preparations are a unique tool to 
study effects of HI (and photons) on cells within their organotypic 
environment. 
Funded by ESA/DLR (to F.M., G.T.-S. & I.B.) and BMBF (to I.B.) 
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POS25-11. Characteristic Analysis of Megakaryocytopoiesis and 
Thrombopoiesis by Hematopoietic Stem Cells Exposed to Ionizing 
Radiation. Satoru Monzen1, T. Nakamura2, I. Kashiwakura1, 1: 
Department of Radiological Life Sciences, Hirosaki University 
Graduate School of Health Sciences, Japan 2: Department of 
Biomedical Sciences, Hirosaki University Graduate School of Health 
Sciences, Japan 
 
Hematopoietic processes, especially megakaryocytopoiesis and 
thrombopoiesis, are highly sensitive to extracellular oxidative stress, 
such as ionizing radiation and chemotherapeutic agents. This study 
examined the terminal maturation of megakaryocytes and platelet 
production generated from hematopoietic stem cells irradiated with 
ionizing irradiation. Highly purified CD34+ cells derived from human 
placental/umbilical cord blood were exposed to X rays (2 Gy, 150 
kVp, 20 mA; 0.5-mm aluminum and 0.3-mm copper filters) from an 
X-ray generator (MBR-1520R; Hitachi Medical Co. Ltd., Tokyo, 
Japan) with a distance of 45 cm between the focus and target, at a 
dose rate of approximately 1 Gy/min, and then cultured in a serum-
free medium supplemented with thrombopoietin and interleukin-3. 
The number of cells generated from X-irradiated CD34+ cells 
decreased with the time in culture. However, the fraction of the 
CD34+Tie-2+ cell population and CD41+Tie-2+ cell population 
detected in the cells generated from X-irradiated cells showed a 
significant increase in comparison to the controls on day 7. In 
addition, the CD42a+ platelet particles generated from the X-irradiated 
cells appeared to be normal. Next, the expression of various genes was 
analyzed using quantitative real-time RT-PCR in the cells harvested 
from the cultures. The early hematopoiesis-related genes; FLI1, 
HOXB4 and Tie-2, cytokine receptor genes; KIT and IL-3RA, and the 
oxidative stress-related genes; HO1 and NQO1 were upregulated on 
day 7. The present results suggest that normal terminal maturation of 
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megakaryocytes and platelets could be obtained from the residual 
hematopoietic stem/progenitor cells (HSPCs) after X-irradiation, 
although this radiation did inflict some damage on the proliferation 
and differentiation of HSPCs. 
 
POS25-12. Increase of chromosome aberration by Fe ion 
irradiation in Histone H2AX-deficient mouse ES cells. Takashi 
Morita1, K. Yoshida1, M. Hada2, T. Teramura3, S. Yoshida1, F.A. 
Cucinotta2, 1: Department of Molecular Genetics, Osaka City 
University, Graduate School of Medicine, Japan 2: USRA-NASA 
Johnson Space center, USA, 3: Kinki University, Faculty of Medicine, 
Japan 
 
It is important to estimate the influence of space radiation on human 
body during a longer stay in space including missions to ISS, the 
moon, or Mars. 
We used mouse embryonal stem (ES) cells to estimate effects. Since it 
is difficult to culture ES cells for extended periods on the ISS, we 
selected a way to expose the ES cells to space environment while in a 
frozen condition [1]. The frozen ES cells are found to be resistant to 
radiation including Fe ion beam, so a more sensitive method to detect 
radiation damage is preferable. 
Histone H2AX gene is involved in signaling and repair of DNA 
double-strand break, and the deletion of the gene will sensitize the ES 
cells to radiation. Therefore a shorter exposure time will be required to 
detect chromosome aberration in ES cells by space radiation. 
We have established mouse ES cells with heterozygous and 
homozygous deletion mutation of Histone H2AX by crossing H2AX 
(+/-) heterozygous mouse and by culturing inner cell mass of 2-cell 
stage embryos in vitro. The heterozygous cells showed decreased 
H2AX protein in about half of that of wild-type (+/+). The ES cells 
were exposed to Fe ion radiation (Fe 600MeV, BNL) and 
chromosome aberrations were analyzed by fluorescence in 
situ hybridization (FISH) with whole-chromosome probes. Results 
showed an increase in simple and complex exchanges in H2AX-
heterozygous and homozygous mouse ES cells. This suggests the 
H2AX gene deleted ES cells can be used for sensitive and quantitative 
estimation of biological influence of space radiation. 
REFERENCES 
[1] Yoshida K., Yoshida S., Kasai K. and Morita T. (2010) Biol. 
Sciences Space 24, 11-15. 
 
POS25-13. Human mesenchymal stem cells respond to ionizing 
radiation by induction of stress-induced premature senescence. 
Martina Rezacova1, J. Cmielova1, R. Havelek1, T. Soukup1, J. 
Vavrova2, J. Mokry1, 1: Charles University in Prague, Faculty of 
Medicine in Hradec Kralove, Czech Republic, 2: University of 
Defence, Faculty of Military Health Sciences, Czech Republic 
 
Purpose: Mesenchymal stem cells isolated from bone marrow (BM-
MSC) and periodontal ligament (PLSC) are cells with high 
proliferative potential and ability to self-renewal. Characterization of 
these cells under genotoxic stress conditions contributes to the 
assessment of their prospective usage.  The aim of our study was to 
evaluate changes in BM-MSC and PLSC caused by ionizing radiation. 
Methods: Human BM-MSC and PLSC were irradiated with the doses 
up to 20 Gy by Co60 and observed 13 days; viability, proliferation, 
apoptosis and senescence induction, and changes in expression and 
phosphorylation status of related proteins were studied. 
Results: Irradiation with the doses up to 20 Gy significantly reduces 
proliferation, but has no significant effect on cell viability. The 
activation of p53 and its phosphorylations on serines 15 and 392 were 
detected from the first day after irradiation by 20 Gy and remained 
elevated to day 13. Expression of cyclin-dependent kinases inhibitor 
p21Cip1/Waf1 increased. The cell cycle was arrested in G2 phase. Instead 
of apoptosis we have detected hallmarks of stress-induced premature 
senescence: increase in p16INK4a and increased activity of senescence-
associated β-galactosidase. 
Conclusion: Mesenchymal stem cells isolated from bone marrow and 
periodontal ligament respond to ionizing radiation by induction of 
stress-induced premature senescence. 
 
POS25-14. Study of radiosensitivity in cancer stem-like cells from 
glioblastoma cell line. Momoko Takahashi1, H. Hirakawa2, A. 
Fujimori2, 1: Japan Atomic Energy Agency, Japan, 2: National 
Institute of Radiological Sciences, Japan 
 
Radiotherapy is one of the conventional treatments for solid tumors. 
Investigation of tumor radioresistance is important for future tumor 
radiotherapy. Biological bases on the resistance of tumor cells have 
not been fully understood. Recently several studies demonstrated that 
there is a small fraction in solid tumor which is highly resistant to 
ionizing radiation and that the radioresistant tumor cells often express 
some stem cell markers. This small population of cells is characteristic 
of stem cells and called ―cancer stem cell‖. It is highly resistant to 
ionizing radiation and it is suggested that resistance of cancers to both 
radiation and chemotherapeutic agents can be attributed to the features 
of the cancer stem cells. Therefore the clarification of cancer stem 
cells might solve the resistance of cancer to ionizing radiation. The 
purpose of this study is the analysis of cancer stem-like cells derived 
from established glioblastoma cell line and radiosensitivity in cancer 
stem-like cells using X-rays and heavy ion beam provided from 
HIMAC (heavy ion medical accelerator in Chiba) in NIRS (National 
Institute of Radiological Sciences). In the present study, we show that 
a human glioblastoma cell line A172 transiently becomes to cancer 
stem cell-like when cultured with non-serum media which is 
supplemented with several growth factors. A172 cells cultured with 
non-serum media supplemented with several growth factors showed 
the morphological change and formation of neurospheres, the 
characteristic of cultured neural stem cells. The treated cell population 
was significantly resistant to X-rays and heavy ion particles (carbon) 
compared with the A172 cells cultured with the normal media. 
Phosphorylation of histone gamma H2Ax by irradiation was induced 
in both forms, however, recovered earlier in the stem cell-like 
population than in the parental cells. As a conclusion, our result is 
consistent with the hypothesis that stemness of A172 glioblastoma 
cells contribute to radioresistance by the efficient repair activity on 
DNA double-strand breaks. 
 
POS25-15. Irradiated stem cells and aging of the hematopoietic 
system. Jirina Vavrova1, Z. Sinkorova1, E. Lukasova2, M. Rezacova3, 
1: Faculty of Military Health Sciences University of Defence, Czech 
Republic, 2: Czech Academy of Sciences, Institute of Biophysics, 
Czech Republic, 3: Institute of Medical Biochemistry, Faculty of 
Medicine, Czech Republic 
 
Objective: In the work presented here, changes in haemopoiesis of 
mice (B6129SF2/J) were studied one year after their whole-body 
exposure to a dose of  7 Gy (72 % of mice survived). The irradiated 
mice were compared to non-irradiated younger (4 months of age) and 
older (16 months of age) mice. 
Material and methods:  Single cell suspensions prepared from the 
bone marrow of mice  were analyzed on the flow CyAN-ADP 
cytometer (DakoCytomation). In terms of the ability to respond to 
further whole-body irradiation at a dose of 1 Gy, the presence of 
gamma-H2A.X foci was studied in lin- bone marrow cells of mice 
using confocal  cytometer. 
Results: There was a significant increase in the relative abundance of 
primitive stem cells with long-term capability of the haemopoiesis 
recovery (LT-HSC) lin -/Sca-1+ /CD117+/  CD34 - in the bone marrow 
of mice aged 16 months (irradiated and non-irradiated) compared to 
those aged 4 months. We detected an obvious increase in number of 
foci in the lin- SC of animals studied one year after their exposure to a 
dose of 7 Gy (compared to non irradiated animals of the same age), 
indicating residual damage caused by irradiation at the age of 4 
month. 1 hour after second irradiation at 1 Gy the DNA-damage foci 
formation was equal in all groups, in old mice (C16m as well as 
IR16m) we found an impaired ability of the foci repair 24 hours after 
irradiation.  In the blood count from the peripheral blood of the older 
mice (both non-irradiated and irradiated at 7 Gy), there was a 
significant increase in granulocytes. In the group exposed to 7 Gy, the 
numbers of thrombocytes significantly increased and on the contrary, 
the numbers of erythrocytes, the amount of haemoglobin, and 
haematocrit significantly decreased. 
 
POS25-16. Amelioration of Ionizing Irradiation-Induced 
Hematopoietic Injury by Resveratrol in Mice. Heng Zhang1, Z. 
Zhai1, J. Zhang1, Y. Wang1, X. Wang1, H. Wu1, D. Li1, L. Lu1, J. 
Chang1, Q. Hou2, Z. Ju3, D. Zhou4, A. Meng1, 1: Tianjin Key 
Laboratory of Molecular Nuclear, Institute of Radiation Medicine, 
Peking Union Medical College & Chinese Academy of Medical 
Science, China, 2: Institute of Materia Medica, Peking Union Medical 
College & Chinese Academy of Medical Science, China, 3: Institute 
of Laboratory Animal sciences, Peking Union Medical College & 
Chinese Academy of Medical Science, China, 4: Pharmaceutical 
Sciences and Winthrop P. Rockefeller Cancer Institute, University of 




Introduction Ionizing radiation (IR) causes acute tissue damage and 
late effects including long-term bone marrow (BM) injury, which 
arises from persistent ROS accumulation induced apoptosis and 
senescence in hematopoietic cells. Resveratrol (3,5,4‘-trihydroxy-
trans-stilbene, Rev), a kind of polyphenol compounds, which shows 
anti-oxidant, anti-apoptosis and lifespan extention effects, was 
reported in recent studies. Its radiation protection effect on 
hematopoietic system awaited to be investigated. 
Purpose The present study was undertaken to examine whether 
resveratrol ameliorated irradiation inducted hematopoietic system 
damage and to explore its mechanism. 
Methods and Materials C57BL/6 mice were exposed to a sublethal 
dose (6.0 Gy) of total body irradiation (TBI). Half of them were 
administered with resveratrol (20mg/kg) by gavage every 24 h for 7 
days prior to TBI and 28 days after it. The hematopoietic functions of 
HPC and HSC were analyzed by cobblestone area-forming cell 
(CAFC) assays and competitive repopulation assays (CRA). Murine 
HPC (Lin-c-kit+Sca-l-), ST-HSC (Lin-c-kit+Sca-l+), LT-HSC (Lin-c-
kit+Sca-l+) were sorted by a flow cytometry and total RNA was 
isolated. mRNA expression of genes associated with oxidative stress, 
NADPH oxidase 4 (NOX4), superoxide dismutase 2 (MnSOD) and 
glutathione peroxidase (GPx1) were analyzed by quantitative Real 
Time-PCR (qRT-PCR). 
Results The survival fractions of all day-types of CAFC of irradiated 
mice were less than 10%, while that of resveratrol-treated mice was 
84.6% on day 7 and 49.5% on day 35. In CRA, hematopoietic cells of 
mice treated with resveratrol and TBI exhibited a higher repopulation 
ability compared with mice treated with TBI only (43.42%, P<0.01). 
The expression level of NOX4 mRNA was selectively increased in 
LT-HSC of TBI mice, and could be decreased by resveratrol 
administration.  It was also observed that reduction of SOD2 and 
GPx1 mRNA expression in HPC, ST-HSC, LT-HSC of irradiation 
mice were attenuated by treatment of resveratrol. 
Conclusion Resveratrol significantly ameliorates suppression in the 
hematopoietic function of HSCs and HPCs by TBI. Data of qRT-PCR 
assays suggests that resveratrol protects hematopoietic function by 
modulating oxidative stress associated genes expression. 
 
POS25-17. Ionizing radiation induces hematopoietic stem cell 
senescence and long-term bone marrow suppression in a 
p16Ink4a/Arf-independent manner. Daohong Zhou1, L. Shao1, W. 
Feng1, H. Li1, Y. Wang2, N.E. Sharpless3, 1: University of Arkansas 
for Medical Sciences, USA, 2: Medical University of South Carolina, 
USA, 3: The University of North Carolina at Chapel Hill, USA 
 
Many patients receiving chemotherapy and/or ionizing radiation (IR) 
develop residual (or long-term) bone marrow (BM) injury that can not 
only limit the success of cancer treatment but also adversely affect 
their quality of life. Although residual BM injury has been largely 
attributed to the induction of hematopoietic stem cell (HSC) 
senescence, neither the molecular mechanisms by which 
chemotherapy and/or IR induce HSC senescence have been clearly 
defined, nor has an effective treatment been developed to ameliorate 
the injury. The Ink4a-Arf locus encodes two important tumor 
suppressors, p16Ink4a (p16) and Arf. Both of them have been 
implicated in mediating the induction of cellular senscence in a variety 
of cells including HSCs. Therefore, we examined the role of p16 
and/or Arf in IR-induced HSC senescence and long-term BM 
suppression using a total body irradiation (TBI) mouse model. The 
results from our studies show that exposure of wild-type (WT) mice to 
a sublethal dose (6 Gy) of TBI induces HSC senescence and long-term 
BM suppression. The induction of HSC senescence is not associated 
with a reduction in telemore length in HSCs and their progeny, but is 
associated with significant increases in the production of reactive 
oxygen species (ROS), the expression of p16 and Arf mRNA, and the 
activity of senescence-associated β-galacotosidase (SA-β-gal) in 
HSCs. However, genetical deletion of Ink4a and/or Arf has no effect 
on TBI-induced HSC senescence, as HSCs from 
the Ink4a and/or Arf knockout mice after exposure to TBI exhibit 
similar changes as those seen in the cells from irradiated WT mice in 
comparison with the cells from un-irradiated mice with correspondent 
genotypes. In addition, TBI-induced long-term BM suppression is also 
not attenuated by the deletion of the Ink4a and/or Arf genes. These 
findings suggest that IR induces HSC senescence and long-term BM 
suppression in a p16Ink4a/Arf-independent manner.  
 
POS26 Radiation damage to biomolecules  
 
POS26-01. Induction of Strand Breaks in DNA by Low Energy 
Electrons and Soft X-rays under Nitrous Oxide Atmosphere. 
Elahe Alizadeh, D. Hunting, L. Sanche, Department of Nuclear 
Medicine and Radiobiology, Faculty of Medicine, University of 
Sherbrooke, UK 
 
Nitrous oxide (N2O) has previously been shown to radio-
sensitize hydrated DNA via its reactions with solvated electrons that 
increase the yield of OH• radicals in irradiated aqueous environments. 
In the present work however, we investigate a quite different set 
reactions of N2O with dry DNA (i.e., only structural water present), in 
particular those initiated by low energy (< 30 eV) electrons (LEEs), 
which represent an important component of the secondary particles 
generated in matter by primary ionizing radiation. 
Five-monolayer plasmid DNA films deposited on glass and tantalum 
substrates were exposed to Al Kα X-rays of 1.5 keV under gaseous 
N2O at atmospheric pressure and temperature. Whereas the damage 
yields for DNA deposited on glass are due to soft X-rays, those arising 
from DNA on tantalum are due to both the interaction of low energy 
photoelectrons from the metal and X-rays. Then, the differences in the 
yields of damage to DNA on glass and tantalum substrates, essentially 
arises from interaction of LEEs with DNA molecules and the 
surrounding atmosphere. The G-values (i.e., the number of moles of 
product per Joule of energy absorbed) for DNA strand breaks induced 
by LEEs (GLEE) and the lower limit of G-values for soft X-ray photons 
(GXL) were calculated and the results compared to those from previous 
studies under atmospheric conditions and other ambient gases, such as 
N2 and O2. Under N2O, the G values for loss of supercoiled DNA are 
102.5±7.5 nmol/J for X-rays, and 737±15 nmol/J for LEEs, while 
under a N2atmosphere, they are 65±6 and 227±15 nmol/J for X-rays 
and LEEs, respectively. This result indicates a much higher 
effectiveness for LEEs relative to 1.5 keV X-rays in causing DNA 
damage in an N2O environment. This enhancement is attributed to the 
interaction of LEEs with the N2O molecules at the film/gas interface 
and condensed within the DNA film, particularly via dissociative 
electron attachment to N2O, which leads to the formation of reactive 
species such as O-. Therefore, even in the absence of non-hydration 
water as the source of OH• radicals and solvated electrons, N2O can by 
itself considerably increase chemical reactions between LEEs and 
DNA. Thus, the previously observed radiosensitization of cells by 
N2O may not be only due to OH
• radicals but also to the reaction of 
LEEs with N2O molecules surrounding DNA. 
  
 
POS26-02. Damage induced by hydrated electrons to the cisplatin-
DNA complex. Behnaz Behmand, P. Cloutier, S. Girouard, A.D. 
Bass, L. Sanche, D. Hunting, University of Sherbrooke, UK 
 
Cisplatin PtCl2(NH3)2 is a chemotherapeutic agent that chemically 
binds to the DNA bases, especially guanine (G) [1, 2]. Our recent 
experiments on cisplatin-plasmid DNA complexes revealed an 
increase, relative to pure DNA samples, in the yield of strand break 
damage, when these samples were exposed to monoenergetic 
electrons (in the 0-60 keV energy range) [3, 4]. Such experiments 
suggest that cisplatin may enhance radiation damage in DNA and thus 
may be (in part, at least) responsible for the observed synergetic 
interaction between chemo and radio therapies, on which the 
concomitant radiotherapy modality is founded [5].    
To better understand the mechanisms underlying this enhancement 
and to determine the physical range of electron-cisplatin-DNA 
interactions leading to damage, we studied electron interactions with 
complexes of cisplatin bound to the short oligonucleotide (5'-
TTTTTTGGTTT-3'). The kinetics of the reaction between cisplatin 
and the oligonucleotide  were monitored with high-performance liquid 
chromatography (HPLC), which also permits separation of unreacted 
oligonucleotides from those bound to cisplatin via one or two G-Pt 
bonds.  Singly and doubly stranded cisplatin-oligonucleotide samples 
were labelled with 32P and exposed to hydrated electrons in solution 
generated by gamma rays. Damage was evaluated with gel 
electrophoresis. Our experiments  show a strong interaction between 
hydrated (or possibly pre-hydrated electrons) and the cisplatin-DNA 
complex; first by rupture of G-Pt bonds and secondly by the induction 
of damage adjacent to the site of attachment. 
[1] Reedijk, Inorg. Chem., 1303 (2009) 
[2] Wozniak, Acta Biochimica Polonica, 49, 583 (2002) 
[3] Zheng, PRL 100, 198101 (2008) 
[4]Sanche, Chemical Physics Letters, 474, 1 (2009) 




POS26-03. Electron transfer in irradiated deoxyoligonucleotides: 
inter-strand vs. intra-strand transfer in duplex DNA. Paul Black, 
W. Bernhard, University of Rochester, USA 
 
Direct radiation damage to DNA begins with the formation of radical 
cations by one-electron oxidation and radical anions by one-electron 
reduction. The aim of this work is determine how DNA‘s duplex 
structure and base sequence influences trapping of the excess electron. 
Ultimately, this will make it possible to predict the distribution of 
lesions generated in DNA in vivo. Deoxyoligonucleotides of varying 
length and sequence were irradiated at 4K using 70keV X-rays in a 
LiCl glass. After irradiation, samples were studied at 4K using 
Electron Paramagnetic Resonance (EPR). The EPR spectrum of one-
electron reduced oligomers is a simple sum of components, consisting 
of the spectrum due to each of the one-electron reduced nucleobases. 
Using the basis spectra of each one-electron reduced nucleobase as 
components, the oligomer spectra were deconvoluted.For adenine-
thymine electron transfer in the absence of cytosine, there were two 
findings. 1) When thymine is present on the same strand as adenine, 
electron transfer and subsequent trapping at thymine outcompetes 
electron trapping at adenine by > ~100X. This intra-strand transfer 
behavior holds true when as many as 32 sequential adenines precede 
thymine along the same strand. 2) When thymine is not present on the 
same strand as adenine, electron trapping at adenine outcompetes 
inter-strand transfer and subsequent trapping by thymine on the 
opposite strand by > ~100X. When cytosine is present on either strand 
of the duplex, however, transfer from adenine, either via an inter- or 
intra-strand mechanism outcompetes electron trapping at adenine.We 
conclude that in vivo trapping of the excess electron by adenine will 
be effectively zero. The potential of trapping by adenine will be 
denied by either intra-strand electron transfer to thymine or transfer to 
cytosine on either the same or opposite strand. The project described 
was supported by Award Number R01CA032546 from the National 
Cancer Institute. 
 
POS26-04. OH-induced oxidation of Met-Met dipeptides: 
influence of geometric and steric factors. Krzysztof Bobrowski1, 
G.L. Hug2, T. Pedzinski3, F. Kazmierczak3, P. Wisniowski1, B. 
Marciniak3, 1: Institute of Nuclear Chemistry&Technology, Poland, 2: 
Notre Dame Radiation Laboratory, USA, 3: Faculty of Chemistry, 
Adam Mickiewicz University, Poland 
 
Oxidation of multifunctional organic compounds can lead to a variety 
of interesting mechanistic pathways through the neighboring group 
participation. Peptides containing methionine (Met) are a case in 
point. There have been several studies on the OH-induced oxidation of 
small peptides containing Met. Stabilizations, through neighboring 
group participation, of the resulting monomeric sulfur radical cations 
(>S+·) were seen when the Met residues were C- or N-terminal. It was 
commonly thought that such bond formation would not occur with the 
heteroatoms involved in the peptide bonds because their electron lone 
pairs were considered to be too delocalized throughout the 
amide/carbonyl moieties to be able to participate in the bonding. 
Recently, studies were undertaken on the OH-induced oxidation of 
three Met-containing cyclic dipeptides. It has now been confirmed that 
>S+· can also been stabilized by bonding to the heteroatoms involved 
in peptide bonds. So, in this paper, ·OH-induced oxidation of the 
linear (open chain) L-Met-L-Met dipeptide protected on the N- and C-
terminal was studied. The side chains of Met residues in the L,L-
configured linear dipeptides are forced to point in opposite directions 
in space due to a tendency towards formation of trans conformers 
which makes it more difficult for them to come into close contact. The 
geometric preferences are exactly reversed in the cyclic L-Met-L-Met 
dipeptide due to a tendency towards formation of cis conformers. The 
contrasting behavior of these two dipeptides will be discussed in terms 
of a change of tendency towards formation of sigma*-type 2c-3e S\\O, 
S\\N, and S\\S-bonds in linearvs. cyclic peptides resulting from their 
conformation and geometric preferences. 
 
POS26-05. The impact of X-radiation fluxes on a model 
subsurface bacterium. Ashley Brown1, S. Pimblott2, R. Goodacre3, J. 
Lloyd1, 1: SEAES, University of Manchester, UK, 2: Dalton Nuclear 
Institute and School of Chemistry, University of Manchester, UK, 3: 
MIB and School of Chemistry, University of Manchester, UK 
 
Subsurface bacteria, such as Shewanella spp. have the ability to 
couple the oxidation of organic matter to the reduction of a range of 
metals and radionuclides, providing the potential for the use of such 
versatile species in the bioremediation of radwaste contaminated 
land.  As such sites are likely to have significant radiation fluxes, it is 
important to understand the impact of radiation stress on appropriate 
model organisms.  However, there have been few global cell analyses 
of ionizing radiation impact on subsurface bacteria, and thus 
quantification of damage to the multitude of biomolecules within the 
prokaryotic cell has been limited.  This study addresses the impact of 
acute doses of X-radiation on growth, viability and metabolism of S. 
oneidensis MR-1.  UV/Vis spectroscopy and CFU counts showed that 
although X-radiation decreased initial viability and extended the lag 
phase of batch cultures, the specific growth rate and biomass yields 
remained unchanged.  Whole cell metabolism of exposed cultures was 
profiled using Fourier transform infrared spectroscopy and 
multivariate statistical data analysis algorithms revealed that although 
the cultures recovered from irradiation, the ―irradiated phenotype‖ was 
preserved throughout subsequent generations at higher doses.  Early 
data analyses also indicate damage to the proteome via a decrease in 
amide I and II peaks and a corresponding increase in free amine 
groups.  This study concludes that significant damage to the proteome 
and a reduction in active biomass may be preserved through multiple 
generations and this could potentially reduce the metal/radionuclide-
reducing capacity of the population in highly radioactive 
environments. 
 
POS26-06. Investigations into the radiobiology of nitric oxide. Lisa 
Folkes, P. O'Neill, Gray Institute for Radiation Oncology and Biology, 
University of Oxford, UK 
 
Purpose: There is much interest in the potential for manipulation of 
tumor nitric oxide (NO) levels for cancer therapy. In particular, NO 
radiosensitizes anoxic mammalian cells significantly more efficiently 
than oxygen. The mechanism of this effect is unknown but it is 
thought that NO may ‗fix‘ DNA damage produced following radiation 
treatment, producing stable DNA base adducts. The aim of this work 
is to investigate the effect of low levels of NO on radiation-induced 
cell survival and DNA strand breaks and to study the formation of 
stable products resulting from nitric oxide to give further information 
into the potential use of NO in radiotherapy. 
Results: Nucleobases, nucleotides and oligonucleotides react with 
radiation-induced hydroxyl radicals (•OH) but in the presence of NO, 
the products, observed by LCMS, differ to those formed by •OH alone. 
The yields of plasmid DNA single strand breaks determined by gel 
electrophoresis are reduced in the presence of NO when compared 
with the yield induced by •OH alone – post-irradiation treatment with 
DNA glycosylases however revealed that damaged nucleotides are 
formed in the presence of NO as seen through the formation of 
additional strand breaks. Clonogenic assays show that V79-4 cells are 
radiosensitized by 1% NO more efficiently in exponential growth; 
using flow cytometry detection these cells also exhibit enhanced 
γH2AX  staining; a marker for double strand breaks (DSB). The 
maximum γH2AX cell fluorescence is observed 2h after 5 Gy g-
radiation in cells exposed to 1% NO relative to 1h for DSB induced by 
radiation treatment in N2 alone. This suggests that NO can cause 
repair or replication-induced DSB possibly through the formation of 
specific DNA lesions. 
Conclusions: Tumor NO levels may be prognostic for radiotherapy 
effect. It is tentatively proposed that NO may radiosensitize cells by 
causing DNA damage which is difficult to repair - future studies will 
focus further on the mechanism of action and the potential for tumor 
specific NO delivery for radiotherapy.   
 
POS26-07. Near Edge X-ray Absorption Spectroscopy of DNA 
Damage Induced by Soft X-rays. Kentaro Fujii, A. Yokoya, Japan 
Atomic Energy Agency, Japan 
 
Soft X-rays produce a variety of molecular alteration (damage) in 
cellular DNA, which is thought to be the critical target of the 
biological effects of radiation, such as mutation induction. Recently, 
we have reported the yields of base lesions as well as strand breaks 
strongly depend on soft X-ray energy around carbon (C), nitrogen (N) 
and oxygen (O) K-edge regions. The base lesions were detected as 
additionally produced strand breaks by base excision repair enzymes 
in the report. The K-shell ionization of oxygen and succeeding Auger 
decay process most likely contribute to the induction of nucleobase 
lesions. DNA single strand breaks, on the other hand, are preferably 
produced just below N K-edge. These experimental evidences show 
that the kinds of DNA damage can be selectively induced by 
monochromatic soft X-ray irradiation. However, little is known about 
details of the structural alterations. Inner-shell photoabsorption 
spectroscopy has been used as one of powerful technique providing us 
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information of chemical environment around a target atom. We have 
investigated the change of the spectra of the near edge X-ray 
absorption fine structure (NEXAFS) of DNA exposed to 
monochromatic soft X-rays. We used calf thymus DNA thin films as 
samples and observed N K-shell and O K-shell NEXAFS spectral 
changes. The typical monochromatic soft X-ray energies used for the 
irradiation (380, 435, 560, and 760eV) were obtained from SPring-8, 
BL23SU. The observed spectra show the initiation of the new 
products and the dissociation of molecular structure of the DNA by 
the irradiation. By comparing the spectral changes in NEXAFS with 
the yields of base lesions and strand breaks, we will discuss the 
molecular structure of DNA damage site and the site-selectivity of 
damage induction in DNA by soft X-rays. 
 
POS26-08. Deinococcus radiodurans Manganese(II) Complexes 
and their Applications. Elena K. Gaidamakova, V.Y. Matrosova, 
D.P. McDaniel , M.J. Daly, Uniformed Services University of the 
Health Sciences, USA 
 
We previously reported that extremely radioresistant Deinococcus 
radiodurans bacteria accumulate divalent manganese ions together 
with various inorganic and organic small molecules, including 
peptides, orthophosphate and nucleosides. When combined in vitro at 
concentrations approximating those in D. radiodurans, Mn(II) forms 
potent antioxidant complexes which selectively protect proteins from 
oxidation at immense doses of ionizing radiation, but the Mn(II) 
complexes did not significantly protect DNA (Daly et al., 2010). 
Genome destruction without protein damage in irradiated preparations 
potentially has important practical applications. One such application 
is the preparation of irradiated vaccines. 
As a proof-of-principle for an irradiated vaccine, we used a model 
system based on bacteriophage lambda. Purified bacteriophage 
lambda was 60Co-irradiated (40,000 Gy) either in phosphate buffer or 
in reconstituted D. radiodurans Mn(II) complexes. Lambda DNA 
degradation was tested by Southern blotting and the preservation of 
antigenic determinants by Western blotting. Whole-scale maintenance 
of irradiated lambda phage was monitored by transmission electron 
microscopy. 
 At 40,000 Gy, the reconstituted D. radiodurans Mn(II) complexes 
fully preserved the structural integrity and immunogenicity of the 
lambda phage, but their genomes and infectivity were obliterated. 
Our findings support that chemical antioxidant protectants of D. 
radiodurans could be applied to preparing irradiated vaccines. 
 
POS26-09. Ultrafast dissociation of doubly ionized deoxyribose: 
ab initio molecular dynamics studies. Marie-Anne Hervé du 
Penhoat1, P. López-Tarifa2, R. Vuilleumier3, M. Alcamí2, F. Martín2, 
M. Gaigeot4, I. Tavernelli5, M. Politis4, 1: IMPMC, UMR-CNRS 
7590, Université Pierre et Marie Curie, Paris, France, 2: Departamento 
de Química, UAM, Madrid, Spain, 3: Département de Chimie, ENS, 
Paris, France, 4: LAMBE, UMR-CNRS 8587, Université d'Evry val 
d'Essonne, Evry, France, 5: EPFL-BCH, Lausanne, Switzerland 
 
Our aim is to interpret, at a molecular level, the ultrafast dissociation 
processes following the interaction of ionising radiations with model 
bio-molecular systems consisting of small DNA or RNA building 
blocks, either isolated or solvated by water molecules. 
The early stages of the Coulomb explosion of a doubly ionized 
biomolecule in both, liquid and gas phase, are investigated with Time-
Dependent Density Functional Theory molecular dynamics 
simulations (TD-DFT MD) in which effective molecular orbitals are 
propagated in time [1]. These molecular orbitals are constructed as a 
unitary transformation of maximally localized Wannier orbitals, and 
the ionization process is obtained by removing two electrons from the 
different molecular orbitals. Bader analysis of the fragments charges 
are performed along the dissociation trajectories. These simulations 
are completed by Borm Oppenheimer molecular dynamics (BOMD) 
for 0.1 to 1 ps. The dissociation of doubly ionized water [1] and uracil 
[2] molecules embedded in water as well as isolated uracil [3] have 
already been investigated. 
In this paper, we present results on the double ionization of gas phase 
deoxyribose following the removal of both electrons either from its 
outermost orbital (HOMO) or from its deepest molecular orbital. We 
show that, contrary to gas phase uracil, the ground state doubly 
ionized molecule undergoes dissociation: A CH2OH
+ fragment is 
formed within 50 fs. When electrons are removed from the deepest 
orbital which is localised on the sugar ring oxygen atom, this oxygen 
atom is emitted within 20 fs. 
Double ionizations of biomolecules, resulting either from Auger 
relaxation or from collisions in swift heavy ion tracks (about 10% of 
primary molecular ionization events), is shown to induce ultrafast 
dissociation processes which could lead to the formation of complex 
DNA damage [4]. 
[1] I. Tavernelli et al, ChemPhysChem 9: 2099 (2008). 
[2] M.-P. Gaigeot et al, Mutation Research 704: 45 (2010). 
[3] P. Lopez Tarifa et al, PRL accepted. 
[4] M.-A. Hervé du Penhoat et al., IJRB 86: 205 (2010). 
 
POS26-10. Modulation of cellular effects of oxygen stress by 
overexpression of antioxidant enzymes in human cells. Ayaka 
Hosoki1, K. Hashiguchi1, S. Yonekura1, T. Nomura2, T. Kondo3, S. 
Yonei1, Q. Zhang-Akiyama1, 1: Kyoto University, Japan, 2: Central 
Research Institute of Electric Power Industry, Japan, 3: Toyama 
University, Japan 
 
Reactive oxygen species (ROS) play critical roles in a wide variety of 
cellular functions. On the other hand, excess amounts of ROS 
generated within cells result in oxidative stress and are responsible for 
many deleterious changes, which can induce oxidative damage to 
DNA, proteins and lipids. Several factors can influence the 
susceptibility to oxidative stress by affecting the antioxidant status and 
ROS generation. These factors include endogenous factors (e.g., 
exercise and psychological stress), and exogenous factors (e.g., 
ionizing radiation, cigarette smoke, environmental pollutants, and UV 
light). ROS have been shown to participate in various biological 
consequences of ionizing radiation. However, the physiological 
mechanisms by which ROS cause molecular damage and ultimately 
cellular dysfunction are not fully understood. 
 In this study, We focused on Superpxide dismutase (SOD) and 
Glutaredoxin (Grx) proteins. SOD eliminate superoxide anion, Grx 
reduces the oxidized macromolecules, both SOD and Grx are 
conserved from bacteria to human. The SOD and Grx are essential 
enzymes in cellular homeostasis. However, only a few experimental 
studies have been reported in effects of quantitative variation in those 
antioxidant enzymes on cellular responses to the oxidative stress. 
 In this study, we examined whether and how cellular sensitivities to 
ionizing radiation are modulated by the overexpression of 
mitochondrial SOD (SOD2) and Grx (Grx2) in the cultured human 
cells. As the results of overexpression of SOD2 and Grx2 in T-REx 
HeLa cells, morphological alterlation of mitochondria and levels of 
mitochondrial superoxide, DNA double-stranded breaks, protein 
oxidation and OXR1 expression were suppressed. These results 
suggeste that antioxidant enzymes in mitochondria play important 
roles in various cellular responses to the ionizing radiation. 
 
POS26-11. All that is gold does not glitter, not all those that 
wander are lost‘: the dual behavior of gold nanoparticles in vitro. 
Wendy B. Hyland1, S.J. McMahon2, M.F. Muir3, J. Coulter2, K.T. 
Butterworth2, S. Jain2,4, C. Sicard-Roselli
6, S. Khan5, R. Woods1, J. 
Deacon1, M. Monaghan
1, L. Devlin1, F.M. Hanton3, G. Schettion2, M. 
Brust5, A. Hounsell4, K. Prise2, D.G. Hirst1, F.J. Currell3, T. Robson1, 
1: School of Pharmacy, BT9 7BL, 2: Centre for Cancer Research and 
Cell Biology, BT9 7BL, 3: Centre for Plasma Physics, School of 
Mathematics and Physics, BT7 1NN, 1,2,3: Queen‘s University 
Belfast, UK, 4: Northern Ireland Cancer Centre, BT9 7BL, 5: 
Department of Chemistry, University of Liverpool, L69 7ZD, UK 6: 
Laboratoire de Chimie Physique, CNRS UMR 8000, Université Paris, 
France                        
  
Gold nanoparticles (GNPs) have promising radioenhancing properties; 
however, they are also directly cytotoxic. This study reports on the 
dual behavior of GNPs in vitro; their radiosensitising potential and 
their ability to induce DNA damage.    
DNA strand break yield was quantified using DNA gel electrophoresis 
and quantitative analysis of DNA damage was carried out using Image 
J open source software.  Broadband irradiations were carried out using 
a Faxitron CP-160 X-ray generator and a Varian 2100CD linear 
accelerator whilst monoenergetic irradiations were carried out at the 
Diamond Light Source, Oxfordshire. 
The reported success of a thiol-coated 1.9 nm GNP in vivo [2] 
prompted investigations evaluating the energy dependence of GNP 
radiosensitisation. Plasmid DNA exposed to 0.5 % (w/v) gold, 
irradiated with 11.8 and 14.5 keV, 160 kVp and 6 MV photons, 
resulted in dose enhancements of 1.12 ± 0.09, 1.48 ± 0.08, 1.59 ± 0.08 
and 0.73 ± 0.08, respectively.  Dose enhancements agree well with 
those predicted, highlighting the importance of beam energy for 1.9 
nm GNP radiosensitisation. 
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1.9 nm GNPs exposed to plasmid DNA were highly damaging in the 
absence of radiation; 1 h room temperature incubation with 0.5 % 
(w/v) gold resulted in a 27 ± 3 % loss of supercoiled DNA. The 
damage induced was concentration, time, temperature and scavenger 
dependent suggesting free radical mediated DNA damage. 
Citrate-coated GNPs have been shown to cause radioenhancement in 
vitro [3]. Plasmid DNA irradiated with 160 kVp X-rays, exposed to 
0.0013 % (w/v) 10 nm citrate-coated GNPs yielded a dose 
enhancement of 1.49 ± 0.10, where none is predicted. A 5-fold 
increase in scavenger yielded negligible enhancement. Samples 
irradiated with 11.8 to 80 keV photons resulted in dose enhancements 
dramatically different from that predicted. 
In summary, the physiochemical properties of GNPs determine GNP 
radiosensitisation and toxicity. Radiosensitisation cannot always be 
predicted from mass-energy absorption considerations. 
References 
‗All that is gold does not glitter‘; J. R. R. Tolkien  
Hainfeld, J.F. et al. The use of gold nanoparticles to enhance 
radiotherapy in mice. Phys Med Biol 2004; 49: 309-315  
Brun, E. et al. Parameters governing gold nanoparticle X-ray 
radiosensitisation of DNA in solution. Colloids Surf B Biointerfaces 
2009;72: 128-134  
 
POS26-12. Measures of radiogenic DNA damage correlate 
bladder cancer cell treatment response. George Don Jones1, K.J 
Bowman1, R.P. Symonds1, R.C Kockelbergh2, S. McKeown3, V. 
McKelvey-Martin3, J.K. Mellon1, 1: University of Leicester, UK, 2: 
Leicester General Hospital, UK, 3: University of Ulster, UK 
 
Treatment options for bladder cancer include radiotherapy and/or 
cystectomy for invasive disease and resection plus intravesical 
chemotherapy/immunotherapy for non-invasive disease. If the 
mechanisms responsible tumour sensitivity could be identified or if 
patient tumour response could be predicted, it should be possible to 
improve control/survival rates. Previously, we have shown that 
induction/repair of radiation-induced DNA damage measured by 
alkaline comet assay (ACA) correlates cell radiosensitivity in a panel 
of 6 human bladder cancer cell lines. Using the same panel we have 
now further shown that ACA measures of cis-platin and mitomycin C-
induced damage correlate cell chemosensitivity, with there being 
predominantly the same rank order for radiosensitivity as 
chemosensitivity. ACA studies of radiation-induced damage in 
different bladder cancer cell DNA substrates (prepared nuclei & 
nucleoids vs. intact parent cell) suggest that a feature retained in 
prepared nucleoid bodies is responsible for the relative damage 
sensitivity of bladder cancer cells, reflecting possible differences in 
the organisation of the nuclear DNA within radiation 
resistant/sensitive cell lines. ACA analysis of ex-vivo radiation-
induced DNA damage in bladder tumour cells derived for biopsies has 
been compared with patient data over a three year follow up period. A 
wide range of relative ACA response gradients (~5-fold), compared to 
the control (Raji) cell line, was obtained. Lower ACA measures of 
DNA damage sensitivity have been shown to broadly trend with 
poorer outcomes following bladder tumour treatment; notably this 
includes the observation of lower measures of induced damage better 
predicting the local recurrence of non-invasive-disease than the 
presence of high-risk histology (ACA response gradients of <1.1 give 
a hazard ratio of 4.76 (CI 1.19 – 19.09) for local recurrence within a 2 
year follow up period). Finally, ACA repair studies showed a distinct 
difference in the range of repair responses to X-ray between muscle-
invasive and non-muscle invasive tumours. This data supports an 
association between damage resistance and aggressive tumour 
phenotype in this cancer model. 
 
POS26-13. The influence of fullerenol C60(OH)26-33 on ionizing 
radiation-induced damage to human erythrocytes. Anita Krokosz, 
J. Grebowski, M. Puchala, University of Lodz, Department of 
Molecular Biophysics, Division of Radiobiology, Poland 
 
The purpose of our work was to investigate the effects of water-
soluble hydroxylated fullerene – fullerenol (C60OH26-33) on radiation-
induced damage to human erythrocytes. 
Human erythrocytes (hematocrit of 2%) suspended in phosphate 
buffered saline (PBS) were incubated with C60OH26-33 at concentration 
150 ug/ml at 37°C for 1 h. Then, the erythrocytes were irradiated with 
electron pulses from a linear electron accelerator ELU-6 with the dose 
of 1300 Gy. Hemolysis, erythrocytes‘ size and granulocity by flow 
cytometry, hemoglobin oxidation, and overall oxidative stress by flow 
cytofluorimetry with dichlorodihydroxyfluorescein diacetate (H2DCF-
DA) were determined. 
Mature human erythrocytes have no nucleus and other organelles, 
therefore the plasma membrane in these cells is the critical target. 
Radiation-induced oxidative damage to plasma membrane leads to its 
disintegration i.e. hemolysis. 
Our results showed that fullerenol prevented human erythrocyte from 
post-radiation hemolysis. Hemolysis decreased from 26.3% for 
erythrocytes irradiated without fullerenol to 15.2% for erythrocytes 
irradiated in the presence of fullerenol. However, the average diameter 
of erythrocytes increased either after fullerenol or radiation or 
combined fullerenol and radiation treatment, whereas granulocity 
decreased after irradiation of erythrocytes and fullerenol did not affect 
that parameter. 
Irradiation of erythrocytes induced hemoglobin oxidation. 
Hemoglobin is the main intracellular protein in erythrocytes. 
Fullerenol prevented radiation-induced hemoglobin oxidation. The 
level of MetHb (oxidized hemoglobin) was 11.7% in irradiated 
erythrocytes after 20-hour incubation whereas only 5.2% in 
erythrocytes irradiated in the presence of fullerenol. 
Moreover, fullerenol decreased reactive oxygen species production 
inside the erythrocytes following irradiation. The level of oxidized 
fluorescent label in erythrocytes irradiated with fullerenol was 64% 
lower than in erythrocytes irradiated without fullerenol. 
These results suggest that fullerenol could prevent human erythrocytes 
from radiation-induced oxidative stress. 
 
POS26-14. Cellular membrane and DNA damage induced by 
proton radiation in single PC3 cells. Ewelina Lipiec1, J. Kowalska1, 
D. Moss2, A. Wiecheć1, W. M. Kwiatek1, 1: The Henryk 
Niewodniczański Institute of Nuclear Physics Polish Academy of 
Sciences, Poland, 2: Karlsruhe Institute of Technology, Karlsruhe, 
Germany 
 
An inflammation caused by cellular membrane damage is a serious 
complication after radiotherapy.   The aim of this study was to find a 
specific number of protons resulting in high DNA damage without 
destroying cellular membrane. 
 The 2 MeV focused proton microbeam from the Van de Graaff 
accelerator at the IFJ PAN, Kraków, Poland, was used as an 
irradiation source.  The prostate cancer PC-3 cells were irradiated by 
specific number (1000, 2000, 4000, 8000) of protons per cell. Fixed 
cells were studied by the Fourier Transform Infrared 
microspectroscopy at the globar source (Bruker IFS 66v/S, IR scope 
II) at KIT, Karlsruhe, Germany. 
The changes in: a) DNA backbone spectral range 950–1240 cm-1, 
potentially  related to DNA strand breaks and cross links,  and b) 
position of the CH2 symmetric stretching band at ~2850 cm
-1, related 
to composition and  fluidity of the membrane phosholipid, were 
examined. 
The cellular spectra bands were fitted with Gaussian-Lorentzian 
curves after the Mie scattering effect correction. The multivariate 
statistical methods of principal component analysis and hierarchical 
cluster analysis (Ward‘s method) were also applied. In addition, living 
cells were irradiated by the same numbers of protons, then after 24 
hours they were analyzed under fluorescent microscope after PI 
staining. 
The obtained results show increased switches and intensity changes of 
DNA backbone bands along with the number of protons applied for 
cells irradiation.  The shift of band related to cellular membrane 
damage was observed, and it was in the range for (0.124 ± 0.032) cm-
1 to (1.022 ±0.045) cm-1 in case of 1000 and 8000 protons per cell, 
respectively. The percentage of dead (PI positive) cells was equal to 
(5.4 ± 2.9) % and (83.4 ± 7.3) % after irradiation by 1000 and 8000 
protons per cell, respectively. The results suggest that the irradiation 
of 4000 protons per PC3 cell  is sufficient to induce a large number of 
DNA damage. This number of protons was relatively safe for the 
cellular membrane - the shift was equal to (0.442 ± 0.028) cm-1 and 
(7.5 ±3.4) % of PI positive cell were detected. 
 
POS26-15. DNA double strand breaks versus simple strand 
breaks rates calculated within a detailed DNA geometrical model. 
Dos Santos Morgane, C. Villagrasa, I. Clairand, IRSN, France 
 
Purpose: Understand and predict how DNA double and simple strand 
breaks are created by ionising radiation and repaired in cell nucleus is 
nowadays a major challenge in radiobiology research. 
The aim of this work is to evaluate the double strand break over single 
strand break ratios (DSB/SSB) induced by protons of different 
POSTER PRESENTATIONS 
 201 
energies in typical fibroblast cell nucleus. It is part of the ROSIRIS 
project at the IRSN, which main issue is to correlate the initial 
radiation track to the early DNA damage. 
Material and methods: The GEANT4 9.4 Monte Carlo toolkit was 
used in order to simulate in detail the energy deposit by protons at the 
nanometric scale. In particular, the low energy electromagnetic 
package extensions, referred as GEANT4-DNA processes that allow 
transportation of electrons down to thermalisation in liquid water. 
A complete DNA geometrical model, representing a fibroblast cell 
nucleus, was implemented as the target of the track calculation. The 
cell nucleus is divided in five levels of compaction: DNA double 
helix, nucleosome, chromatin fiber, chromatin fiber loop and 
chromosome territories. This geometry allows differentiating between 
direct effets and indirect effects considering a distance of 4 nm around 
the chromatin fiber as potentially contributing to the final damages. 
The DBSCAN (Density Based Spatial Clustering of Application with 
Noise) algorithm was used in order to determine cluster damages. 
Defining distance and energy conditions as parameters, the number of 
strand breaks (simple and double) within the cell nucleus was 
calculated. 
Results: DSB/SSB ratios obtained for protons between 0.5 and 50 
MeV were compared to available calculations and experimental data 
extracted from the literature. The calculations show an increase of the 
DSB/SSB ratios with decreasing kinetic energy. Nevertheless this 
increase is more pronounced for the energies between 0.5 and 2 MeV 
and it tends to saturate for higher energies. These results show a good 
agreement (~12%) with comparable data extracted from the literature. 
Conclusion: The combination of a complete cell nucleus geometry in 
the track calculation with the use of the DSBCAN cluster algorithm 
appears as a powerful method for calculating DSB and SSB damage 
on DNA that could be applied to other types of irradiation. 
 
POS26-16. Analysis of lethal DNA damage induced by high LET 
radiation. Toshiaki Nakano1, H. Terato 2, R. Hirayama 3, A. Uzawa 3, 
Y. Furusawa3, H. Ide4, 1: Hiroshima University, Japan, 2: Saga 
University, Analytical Research Center for Experimental Sciences, 
Japan, 3: NIRS, Research Center for Charged Particle Therapy, Japan, 
4: Hiroshima University, Graduate School of Science, Japan 
 
Ionizing radiation induces a variety of DNA lesions such as base 
damage, single-strand breaks (SSBs), double-strand breaks (DSBs), 
and DNA-protein crosslinks (DPCs). DSBs represent part of the 
clustered DNA damage and are the most potent lethal lesions. They 
are produced by either as a consequence of the formation of two 
closely opposed SSBs (prompt DSBs, PDSBs) or the abortive repair 
of closely opposed base lesions (COBLs). Although the lethal effect 
of DPCs has not been rigorously examined, it is very likely that 
extremely bulky DPCs block the progression of DNA and RNA 
polymerases, exerting a potent lethal effect on cells. In mammalian 
cells, the relative biological effectiveness (RBE) as measured by cell 
killing rises with increasing LET values up to 100–200 keV/um. 
Considering that high LET radiation generates a dense ionization 
track, it may produce detrimental PDSBs, COBLs, and DPCs 
efficiently, thereby leading to severe biological consequences. In the 
present study, we have analyzed the formation of PDSBs, COBLs, and 
DPCs induced by high LET radiation in vitro and in vivo. 
We irradiated supercoiled plasmid and linear lambda DNA with 
gamma-rays (0.2 keV/um), carbon ion beams (13 keV/um), and iron 
ion beams (200 keV/um), and quantified PDSBs and COBLs. The 
yield of PDSBs+COBLs decreased in the order of gamma > carbon > 
iron, and hence showed an inverse correlation with LET values. 
Moreover, consistent with this observation, the yield of chromosomal 
PDSBs of Chinese hamster ovary cells decreased with increasing LET 
when cells were irradiated with carbon ions beams of different LET 
values, suggesting that the decrease in the yield of clustered damage 
with increasing LET is not peculiar to the in vitro irradiation of DNA. 
We also irradiated transplanted SCCVII tumors in mouse legs by 
carbon ion beams and analyzed the formation of PDSBs and DPCs. 
Although PDSBs and DPCs were formed both in normoxic and 
hypoxic tumor cells, the yields of PDSBs and DPCs were significantly 
different under two conditions. The formation of PDSBs was favored 
in normoxic tumors, whereas that of DPCs was favored in hypoxic 
tumors, showing an opposite oxygen effect on the formation of 
PDSBs and DPCs in irradiated tumors. 
 
POS26-17. EPR study of Unpaired Electron Species in DNA Film 
Induced by Nitrogen and Oxygen K-shell Photoabsorption. 
Toshitaka Oka, A. Yokoya, K. Fujii, Japan Atomic Energy Agency, 
Japan 
 
In order to clarify the mechanism of DNA damage induced by K-shell 
photoabsorption of nitrogen and oxygen atoms, we have developed an 
X-band JES-TE300 electron paramagnetic resonance (EPR) 
spectrometer (JEOL, Japan) system at a synchrotron soft X-ray 
beamline BL23SU in SPring-8 (Japan), and examined the EPR ‗in 
situ‘ signal during the soft X-ray irradiation. 
Calf thymus DNA was used as sample without further purification. 
DNA sample was dissolved in distilled water, casted on the clean 
plastic plate and dried for about three days in air at room temperature 
to obtain DNA film for EPR and X-ray absorption measurement. 
Monochromatic soft X-ray photons were provided using a grazing-
incidence monochromatic equipped with variable-line-spacing-plane-
gratings. Observed EPR spectra were numerically double integrated to 
obtain the relative spin concentrations. 
The g-factor of 2.000 of the unpaired electron arising only during 
irradiation in calf thymus DNA film is obtained not only around 
nitrogen but also around oxygen K-edge by comparison with standard 
EPR sample of Mn2+/MgO, and it is significantly lower than that of a 
free electron (2.0023).  The photon energy dependence of the EPR 
intensity around the K-edge regions of nitrogen and oxygen is not 
simply proportional to X-ray absorption near edge structure 
(XANES), indicating that the production of unpaired electron species 
in DNA enhanced by the nitrogen and oxygen K-shell 
photoabsorption. It is well known that the hydrated water which 
strongly bond to the DNA exists even in vacuum. Such hydrated water 
may be plays an important role in the induction of unpaired electron 
around the oxygen K-edge [1]. On the other hand, an enhancement of 
the yield of the unpaired electron species around the both nitrogen and 
oxygen K-edge is observed for evaporated cytosine film presumably 
due to electron capturing by cytosine [2]. The enhanced unpaired 
electron yields will be discussed in respect of stable DNA damage 
formation and the electron capturing of the DNA molecules will be 
discussed. 
[1] A. Yokoya et al., Int. J. Radiat. Biol., 84, 1069-1081 (2008). 
[2] T. Oka et al., Appl. Phys. Lett., 98, 103701 (2011). 
 
POS26-18. What is the fate of the cytosine radical cation in DNA 
exposed to the direct effect of ionizing radiation? Anita Peoples1, 
Y. Razskazovskiy2, W. Bernhard1, 1: University of Rochester, USA, 
2: East Tennessee State University, USA 
 
The initial radicals produced in DNA, exposed to the direct effect of 
ionizing radiation, consist of sites that have either lost or gained one 
electron. With respect to electron loss, the probability of ionizing a 
molecular constituent is proportional to the number of electrons 
contained by that constituent (Bragg‘s rule). Consequently, the initial 
distribution of holes (electron loss sites) is presumed to be 58% on the 
backbone, 12% on Gua, 11% on Ade, 10% on Thy, and 9% on Cyt. 
From EPR (electron paramagnetic resonance) studies, it is known that 
this initial distribution rapidly evolves due to recombination and hole 
transfer reactions.Here we test our working hypothesis that the hole on 
cytosine (cytosine radical cation = CytŸ+) partakes in two competing 
reactions: i) hole transfer to a nearby Gua on the same strand, giving 
GuaŸ+, and ii) deprotonation at C1‘ of the deoxyribose bound to CytŸ+, 
giving a neutral C1‘ radical (dRib(C1‘-H)Ÿ). The approach was to X-
irradiate (70 KV tungsten) DNA films at RT under air, immediately 
dissolve the films in ultrapure water, store them at -18° C, and then 
measure products by reverse phase HPLC. In this report, we focus on 
the yield of 5-methylenefuranone (5MF) because its formation is 
tightly correlated with the dRib(C1‘-H)Ÿ radical intermediate.The 
yields of 5MF were measured for calf thymus (CT) and M. luteus (Ml) 
DNA, which are 42% and 72% GC, respectively. We found that the 
5MF yield forMl-DNA was about one half that of CT-DNA. This can 
be explained by a competition between reactions i) and ii) described 
above. In MI-DNA, the increased probability of hole transfer from 
CytŸ+ to Gua reduces formation of dRib(C1‘-H)Ÿ and consequently 
5MF. This finding, therefore, is consistent with our working 
hypothesis. 
The project described was supported by Award Number 
R01CA032546 from the National Cancer Institute. 
 
POS26-19. Radiosensitization of DNA to Low Energy Electron by 
Carboplatin and Cisplatin. Mohammad Rezaee, P. Cloutier, D. 
Hunting, L. Sanche, University of Sherbrooke, UK 
 
Cisplatin and carboplatin are two common chemotherapeutic agents 
used in concomitant chemoradiation therapy to sensitize tumour cells 
to ionizing radiation. Radiosensitization is known to result from their 
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binding to nuclear DNA. To identify an optimal schedule for the 
combination of anticancer drugs with radiation (i.e. timing and dosing 
of the agents), elucidation of the molecular mechanisms of 
radiosensitization is essential. This study discusses the effects of low 
energy electrons (LEE) on plasmid DNA covalently bound to either 
cisplatin or carboplatin, by quantification of strand break damages to 
DNA. Cisplatin–DNA and Carboplatin–DNA complexes were 
prepared in a molar ratio of 2:1. The concentrations of platinum and 
plasmid DNA (pGEM–3Zf-) were measured by inductively coupled 
plasma mass spectroscopy (ICP-MS) and spectrophotometry, 
respectively. Aliquots of cisplatin–DNA, carboplatin–DNA and pure 
DNA were deposited by lyophilisation onto a chemically clean 
tantalum substrate to produce thin films (~ 10 nm thickness). Samples 
were irradiated under ultrahigh vacuum with a 10 eV electron beam at 
various fluences. Then the samples were recovered from the tantalum 
and analyzed by agrarose gel electrophoresis to quantify different 
structural forms of DNA. Cross sections for loss of supercoiled form 
(SC) and formation of circular and linear configurations of the DNA 
corresponding to the single strand breaks (SSB) and double strand 
break (DSB), respectively, were obtained from exposure response 
curves of the DNA damages for the three types of irradiated samples. 
In the carboplatin–DNA and cisplatin–DNA samples, the cross 
sections for DSB formation in the 3199 bp plasmid DNA increase by a 
factor of 2.5 and 2.1 compared to the pure DNA sample, respectively. 
Cross sections for the loss of SC and the formation of SSB, however, 
do not show a considerable difference between the samples. 
Moreover, the exposure response curves for the formation of DSB 
were linear, indicating that the interaction of a single electron is 
responsible for the formation of a DSB in the DNA. These findings 
suggest that LEE interact synergistically with carboplatin and cisplatin 
to promote lethal damage to DNA. Furthermore, our results show that 
the radiosensitivity of DNA to LEE in the presence of carboplatin is 
higher than that in cisplatin. 
 
POS26-20. DNA Damage and Repair Kinetics after Irradiation in 
Earthworms Pre-treated with Mercury. Tae Ho Ryu1, J. Park1, M. 
Nili2, K. An3, J.K. Kim1, 1: Korea Atomic Energy Research Institute, 
South Korea, 2: Dawnesh Radiation Research Institute, Spain, 3: 
Chungnam National University, South Korea 
 
All organisms are being exposed to harmful factors present in the 
environment. Ionizing radiation can damage DNA through a series of 
molecular events depending on the radiation energy. The biological 
effects due to the combined action of ionizing radiation with the other 
factor are hard to estimate and predict in advance. Recently 
International Commission on Radiological Protection (ICRP) requires 
the effect data of ionizing radiation on non-human biota for the 
radiological protection of the environment. Earthworms have been 
identified by the ICRP as one of the reference animals and plants to be 
used in environmental radiation protection. Particularly, the 
earthworm Eisenia fetida can be used as a bio-indicator of pollution in 
soil. This study was performed to investigate the acute genotoxic 
effects of radiation and the combined effects between radiation and 
mercury in earthworm, E. fetida. Experiments were done to identify 
the levels of DNA damage and the repair kinetics in the coelomocytes 
of E. fetida irradiated with ionizing radiation (0, 2.5, 5, 10, 20 and 50 
Gy) alone or with gamma rays after HgCl2 (10, 20, 40, 80 and 160 
mg/kg) treatment by means of the single cell gel electrophoresis assay. 
The Olive tail moments (OTMs) were measured during 0 ~ 12 hours 
after irradiation. The results showed that the increase in DNA damage 
was depending on the dose of radiation. The more the oxidative stress 
was induced by radiation, the longer the repair time was required. 
When combination of HgCl2 and ionizing radiation was applied, the 
OTMs were much higher than those treated with radiation alone, 
which indicated genotoxic effect, was increased after combined 
treatment of radiation and mercury. Earthworms were treated with 20 
Gy gamma rays alone or with ionizing radiation combined with 40 
mg/kg HgCl2. The repair time in the animals treated with the 
combination of HgCl2 and ionizing radiation was nearly eight times 
longer than that in the animals treated with ionizing radiation alone. 
The results suggest that the mercury could even have deleterious 
effects on the DNA repair system. Therefore, influence of mercury on 
the DNA repair mechanisms is confirmed by this study. 
 
POS26-21. Development of the enzyme-linked immunosorbent 
assay for quantifying single-strand breaks in plasmid 
deoxyribonucleic acid. Malgorzata Smialek-Telega1, S.A. Moore2, 
N.J. Mason3, D.E.G. Shuker3, 1: Gdansk University of Technology, 
Poland, 2: Liverpool John Moores University, UK, 3: The Open 
University, UK 
 
The majority of model studies focusing on the radiation damage to 
plasmid or genomic DNA employs the agarose gel electrophoresis 
(AGE) as a method for single-strand breaks (SSBs) and double-strand 
break (DSBs) quantification in the irradiated samples [1,2]. In case of 
determining the amount of DSBs this method is sufficient, whereas in 
case of SSBs an implicit assumption is being made, namely that only 
the molecules that possess a SSB form a relaxed band on the gel and 
that there is just one SSB per molecule. Such an assumption does not 
have to be true as both the molecules forming the relaxed and linear 
bands can contain multiple SSBs. 
Therefore, to accurately quantify the number of SSBs induced in 
plasmid DNA molecules after irradiation, a new type of assay 
methodology has been developed. The new method is based on the 
terminal deoxynucleotide transferase dUTP nick end-labelling 
(TUNEL) assay that was adopted for use under enzyme-linked 
immunosorbent assay (ELISA) conditions [3]. 
The assay was found to both improve the quantification and reduce 
the uncertainties in measurement of SSBs compared with the AGE 
method. Furthermore, since only small amounts of DNA are required, 
the ELISA method can be used to quantify the damage in samples of 
DNA that are smaller than those required for AGE analysis. 
As an example of the data obtainable using the new method, plasmid 
DNA samples were irradiated in an aqueous solution with vacuum-
ultraviolet (VUV) light at 150, 170 and 190 nm and subsequently 
analyzed by ELISA. The results were compared directly with those 
from AGE analysis. The ELISA gave results for SSBs that were an 
order of magnitude higher than those from AGE and the modelling [4] 
suggested that DSBs are more likely to be the result of two SSBs 
rather than a single event and that a damaged molecule is more likely 
to be susceptible to VUV light than an undamaged one. In addition, 
the increase of SSBs level appears linear with the radiation dose. 
[1] Folkard, M., K.M. Prise, C.J. Turner, and B.D. Michael. 
(2002) Radiat. Prot. Dosim. 99 147 
[2] Boudaiffa, B., P. Cloutier, D. Hunting, M.A. Huels, and L. Sanche. 
(2000) Science. 287 1658 
[3] Śmiałek M.A., S.A. Moore, N. J. Mason and D. E. G. Shuker. 
(2009) Radiat. Res. 172 529 
[4] van Touw J.H., J.B. Verberne, J. Retel and H. Loman. (1985) Int. 
J. Radiat. Biol. 48 567 
 
POS26-22. Automated analysis of 53BP1 foci induced by gamma 
and X radiation. Chris Thome, C. Mills, D. Andrews, D. Boreham, 
McMaster University, Canada 
 
The relative biological effect of ionizing radiation generally differs 
depending on the type of radiation exposure. We are currently 
investigating the response of human mammary epithelial MCF10A 
cells to two radiation qualities: 137Cs gamma rays and 75 kVp X-rays. 
DNA double stranded breaks (DSB) are considered to be the most 
biologically significant lesion resulting from ionizing radiation 
exposure. The formation and repair of radiation-induced DSBs are 
quantified using a fully automated 53BP1 foci assay that was 
developed in our lab. The high throughput of the automated system 
increases the sensitivity of the assay by facilitating rapid analysis of 
large data sets, and is therefore beneficial for studying effects at low 
doses. Furthermore, researcher bias due to drift is eliminated. Dose 
response curves between 10 mGy and 3 Gy were generated for both 
radiation qualities. In addition to comparing the dose responses, we 
are examining the repair of DSBs over time through 53BP1 foci loss, 
to determine the efficiency of DNA repair relative to the initial dose 
received. 
 
POS26-23. High destruction cross-section for the 8-oxodG lesion 
caused by direct ionizing radiation, detected by LC/MSMS. 
Richard Watson, W.A. Bernhard, University of Rochester, USA 
 
Experimental evidence suggests that 30-50% of DNA damage induced 
by ionizing radiation is caused by the direct effect, due to the fact that 
nuclear DNA is compact and surrounded by low amounts of free 
water. Analysis of the reaction mechanisms involved in the direct 
effect is crucial to assessing the risks associated with radiation 
exposure at low dose and low dose rate. 
X-irradiaton initially results in radical intermediates situated on the 
DNA bases and backbone. Upon dissolution in water at room 
temperature, stable end-products are formed, which include strand 
breaks and base lesions.  Much of what is known about the yields of 
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specific direct-type damage products is derived from radical yields 
measured by EPR at 4K. Quantification of stable end products by 
orthogonal analytical techniques is required for further elucidation of 
reaction mechanisms, but such techniques must have femtomole 
sensitivities, due to the extremely low yields in which products are 
formed. To this end, we have developed an LC/MSMS method to 
detect and quantify base lesions, including 8-oxo-2‘-deoxyguanosine 
(8-oxodG) and 8-oxo-2‘-deoxyadenosine (8-oxodA). 
Dehydrated DNA films (gamma=~2.5) were prepared from calf 
thymus DNA. Films were X-irradiated at room temperature from 0 to 
5 kGy, then dissolved in water and enzymatically digested to produce 
nucleoside monomers.  Dose-response curves were obtained for 8-
oxodG and 8-oxodA using our LC/MSMS method. As expected, the 
production of 8-oxodA was linear with respect to dose in the range 
tested. Surprisingly, however, the dose-response of 8-oxodG showed 
an increase in 8-oxodG production only at doses < 2 kGy. At higher 
doses, the yield of 8-oxodG decreased with increasing dose. This 
behavior is indicative of a high cross-section of destruction for 8-
oxodG or a radical precursor that is formed in the sample during 
irradiation. A likely cause is the extremely low reduction potential 
of 8-oxodG (0.74 V) compared to intact nucleobases (>1.29 V), which 
makes 8-oxodG a target for subsequent oxidation, resulting in a 
variety of other damage products. Understanding the mechanism of 8-
oxodG destruction is crucial for assessing the validity of a multitude 
of existing assays for oxidative damage in biological systems, which 
often rely on 8-oxodG quantification. 
Supported by PHS Grant 2-R01-CA32546 of the NCI. 
 
POS26-24. Analysis of DNA double strand breaks created by 
60Co irradiation using Monte Carlo track simulations and 
γH2AX immunofluorescence. Carmen Villagrasa, G. Gruel, P. 
Voisin, M. Dos Santos, J.F. Bottollier-Depois, IRSN, France 
 
Introduction: Ionizing radiation interacting with cellular systems can 
affect their structure, function and response to the medium. Complex 
damages created in the primary structure of the DNA as double strand 
breaks (DSB) are considered to be key-lesions to determine the nature 
and magnitude of the final effect. 
Research into the DNA damage repair has outcome the observation 
that H2AX undergoes extensive phosphorylation at the DSB, creating 
γH2AX foci that can be visualized by immunofluorescence. 
Moreover, the topology generated by the foci shows dependence with 
the radiation quality. 
IRSN initiated a project, called ROSIRIS, which main issue is to 
correlate the initial radiation track to this early DNA damage 
response. 
Materials and Methods: Deposited energy in the cell nucleus by 60Co 
gamma rays, was calculated by Monte Carlo simulation using the 
Geant4-9.4 code. In order to study DNA strand breaks, a nanometric 
track description was performed by using the Geant4-DNA processes, 
implemented in the low energy electromagnetic package. 
Nevertheless, for gamma irradiation simulations, the contribution of 
electrons created some millimeters away from the cell nucleus must be 
taken into account. A detailed description of these tracks will lead to 
prohibitive time calculations. The new release of the Geant4 Monte 
Carlo code offers the opportunity to combine the standard processes 
with the Geant4-DNA processes in the same simulation depending on 
the problem region. 
In addition, the DBSCAN algorithm (Density Based Spatial 
Clustering of Application with Noise) was used in order to analyzed 
the obtained tracks and determine the cluster damages. 
Besides, the first experimental results of γH2AX foci after 60Co 
irradiation obtained by the radiobiology department in IRSN provided 
some biological images of the repair. 
Results: The importance of the different parameters used in the track 
simulation and in cluster analysis was quantified for a correct 
comparison with the experimental γH2AX foci. In particular, 
variations due to dose distribution and K-shell ionization rate were 
studied. It appears that the cluster size in the use of DBSCAN must be 
consistent with that of the foci images obtained. 
Conclusion: A new methodology has been established allowing the 
analysis of photon interactions at the sub cellular level and their 
correlation to DNA double strand break repair foci. 
 
POS26-25. In Search of Ionizing Radiation Effect on Pyrimidine 
Nucleosides. Olga Zavyalova1, S. Truszkowski2, K. Misiura3, A. 
Chostenko2, 1: Nicolaus Copernicus University, Poland, 2: 
Departament o Nuclear and Radiation Chemistry, Faculty of 
Chemistry NCU, Poland, 3: Departament of Chemical Technology of 
Pharmaceuticals, Faculty of Pharmacy, Collegium Medicum NCU, 
Poland 
 
DNA is considered to be crucial cellular target of ionizing radiations 
due to biological effects, such as chromosomal aberrations, 
mutagenesis, carcinogenesis and cell death. The deleterious effects of 
ionizing radiations can largely be attributed to DNA damage induced 
by both its reaction with hydroxyl radicals (OH˙) formed by water 
radiolysis and direct ionization of DNA. In some respects, ionizing 
radiation is similar to oxidative metabolism, which contributes to the 
natural processes of aging and mutagenesis. The lesions may occur at 
every nucleotide along the DNA molecule. Extensive work has been 
devoted to the understanding of processes underlying the damages of 
DNA constituents. The influence of radiation on the nucleic acids 
components has been intensively investigated [1-3]. 
In our studies processes initiated by gamma radiation occurring in 
aqueous solutions of pyrimidine nucleosides were examined by means 
of UV spectrometry, HPLC, HPLC-MS and GC methods. Kinetic 
study of nucleosides disappearance and formation of radiolysis 
products were investigated by HPLC and GC in the concentration 
range of 100 – 1800 µmol/l. It was found that irradiation of aqueous 
solutions of pyrimidine nucleosides (concentration ca.100 µmol/l) 
leads to theirs complete disappearance at dose above the level of 1,5 
kGy. Chromatographic analysis showed that several main products 
detectable by UV are formed during irradiation in the dose range of 
0,2 – 1,5 kGy. It was proved that pyrimidine nucleosides 
disappearance follows the pseudo-first-order rate kinetics. 
[1] C.von Sonntag, Free-Radical-Induced DNA Damage and Its 
Repair, Springer,  Hiedelberg, 2006. 
[2]  J. Cadet, T. Douki, D. Gasparutto, Radiat. Phys. Chem., 72 (2005) 
293. 
[3]  M. D. Evans, M. Dizdaroglu, M. S. Cooke, Mutation Res., 567 
(2004) 1. 
 This work was financially supported by Nicholaus Copernicus 
University, Grant 551. 
 
POS26-26. Alterations of albumin in Chernobyl clean-up workers 
blood plazma after myocardial infarction and group with epilepsy 
paroxysm. Tija Zvagule1, I. Kalnina 2, N. Kurjane1, I. Vanadzins1, N. 
Gabruseva3, J. Reste1, A. Skesters4, 1: Riga Stradins University, 
Institute of Occupational Safety and Environmental Health, Latvia, 2: 
Daugavpils University, Latvia, 3: Centre of Occupational and 
Radiological Medicine of Paula Stradins Clinical University Hospital, 
Latvia, 4: Riga Stradins University Latvia 
 
ABM (3-aminobenzanthrrone derivative) developed at the Riga 
Technical University, Riga, Latvia) has been previously shown as a 
potential probe for determination of the immune state of patients with 
different pathologies. It is widely accepted that the dynamics of 
plasma proteins (e.g. albumin) play a prime role immune 
characteristics of humans. The aim was to determine the several 
aspectsof blood plasma albumin alterations in Chernobyl clean-up 
workers in relation with patients having no professional contact with 
radioactivity. For the study were selected the 3 groups of Chernobyl 
clean-up workers groups (common, after myocardial infarction, and 
with epilepsy paroxysm) and 2 groups of patients (myocardial 
infarction and epilepsy paroxysm) having no professional contact with 
radioactivity. In Chernobyl clean-up workers groups the patterns in 
spectral characteristics of ABM resemble so-called N-F transition of 
albumin with blue shift of fluorescence maximum to 602-620 nm and 
increased fluorescence intensity as compared by healthy control. In 
groups of patients having no contact with radioactivity theABM 
emissions wave length was not changed and fluorescence intensity as 
compared with control value decrease. The levels of pathological and 
pharmacological metabolites (fatty acids, antioxidants, plasma levels 
of lipidperoxidation products etc.) balance differs in patients groups 
comparable to controls and hence their correlation to seizures 
pathophysiology and their degree. The metabolites caused 
conformational changes in albumin molecule and shifts in binding 
parameters are in agreement with results of albumin auto-fluorescence 
data and ABM binding sites characteristics. A result clarifies the 
heterogeneous nature of ABM binding and reveled quantitative 
different conformation of albumin in observed groups of patients. The 
more pronounced albumin structural/functional alterations were 
observed in clean-up workers with epilepsy and after myocardial 
infarction. Results taking in account the negative dynamics of EEG 
indicate the multifunctional CNS pathology state in relation with 
disturbances in regulation mechanisms of neuroendocrine and immune 
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systems. Therefore seems likely that external radiation and 
incorporated radionuclides predominate in alterations of albumin.  
 
POS26-27. Iodine-125-labelled Triplex-forming oligonucleotides: 
Studies on cytotoxicity of multi-binding-site TFOs and on specific 
gene expression alterations caused by single-binding-site TFOs. 
Volker Dahmen, R Kriehuber, Department of Safety and Radiation 
Protection, Forschungszentrum Jülich, D-52425 Jülich, Germany 
 
Introduction: Triplex-forming oligonucleotides (TFOs) are able to 
bind DNA in a sequence specific manner and are a promising tool to 
manipulate genes or gene regulatory units in a cellular environment. 
TFOs might have also therapeutic potential e.g. as a carrier molecule 
for Auger-Electron-Emitter (AEE) to target specific DNA structures 
of tumour cells. We established a method for the effective labelling of 
TFOs with the AEE iodine-125 (I-125) and studied the influence of 
labelled TFO with regard to cell survival and appearance of DNA 
Double-Strand-Breaks (DSB). Furthermore the ability of TFOs to alter 
gene expression of targeted genes was examined. 
Methods: TFOs specific for the genes BCL2, GAPDH and BRCA1 
were designed employing TFO Target Sequence Search (Univ. of 
Texas). TFO labelling with I-125 was performed using the primer 
extension method. Formation of DNA triplexes was visualized with 
MS Imaging Plates employing a FLA-5000 Imaging System (Fujifilm) 
and electrophoretic mobility shift assay (EMSA). Cell survival and 
DNA DSB frequency in SCL-II cells after transfection with an I-125-
labelled Multi-Binding-Site (MBS) TFO (~ 7000 binding sites) were 
analyzed with the Colony-Forming Assay (CFA) and the 53BP1-Foci 
Assay. SCL-II cells transfected with TFOs binding to single DNA 
targets in specific genes were analyzed for gene expression alterations 
of the targeted genes with qRT-PCR on a 7500 Real Time PCR 
System (Applied Biosystems). 
Results: The MBS I-125-TFO transfected SCL-II cells showed a 
reduction of colony forming ability of ~ 45 % and the number of 
53BP1-Foci was ~ 1.5-times increased when compared to sham-
transfected negative control. The transfection with single binding site 
I-125-TFOs lead to a 1.7-times increased expression for BCL2 and a 
0.5-times reduced expression for GAPDH. No altered gene expression 
was detected for BRCA1. 
Conclusions: I-125-labelled MBS TFOs have a pronounced cytotoxic 
effect and induce DNA DSB in SCL-II cells. Single gene targeting 
TFOs can alter gene expression in a gene-specific manner. 
Funded by the Bundesministerium für Bildung und Forschung 
(BMBF), Kompetenzverbund Strahlenforschung (KVSF), Project No.: 
02NUK005A. 
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POS27-01. Markers of oxidative and nitrosative stress in response 
to developing radiation pneumonitis. Andrea Babicova1, Z. 
Havlinova2, J. Chladek1, M. Rezacova1, M. Hroch2, J. Pejchal3, J. 
Vavrova4, 1: Charles University in Prague, Faculty of Medicine in 
Hradec Kralove, Department of Medical Biochemistry, Czech 
Republic, 2: Charles University in Prague, Faculty of Medicine in 
Hradec Kralove, Department of Pharmacology, Czech Republic, 3: 
University of Defence, Faculty of Military Health Sciences, Centre of 
Advanced Research, Czech Republic, 4: University of Defence, 
Faculty of Military Health Sciences, Department of Radiation 
Biology, Czech Republic 
 
The purpose of study was to monitor markers of oxidative and 
nitrosative stress during the development of radiation pneumonitis 
(RP) after thoracic irradiation of Wistar rats. 
All experimental protocols were approved by the Institutional Animal 
Care and Use Committee of the Faculty of Medicine in Hradec 
Kralove and University of Defence, Hradec Králové, Czech Republic. 
Female, specific pathogen free Wistar rats (Velaz s.r.o., Prague, Czech 
Republic), weighing 205-245g, were divided into 3 groups of 6-10 
animals each. Lung gamma irradiation at doses of 15 and 20 Gy was 
performed with the help of a 60Co γ-ray source (Chirana, Prague, 
Czech Republic) using a dose rate of 1 Gy/min. Control rats (C) were 
treated under the same conditions as irradiated groups (IG). Exhaled 
nitric oxide (eNO), the putative predictive marker of radiation 
pneumonitis, was measured at regular intervals over a 7-week period 
using a chemiluminiscence analyzer CLD 88 (Ecomedics, Duernten, 
Switzerland). At the study end, blood was collected from the 
abdominal aorta under anaesthesia and rats were sacrificed by 
bleeding out. Bronchoalveolar lavage fluid (BAL) was obtained by 
instilling 10 mL 0.9% saline solution through the tracheostomy. The 
tissue for determination of airiness and inflammation of the lungs was 
collected and put into 10% formalin for immediate fixation. Levels of 
malondialdehyde (MDA) were determined in the plasma and BAL by 
HPLC. 
No differences between IG and C were observed in eNO. At week 7, 
there was a trend towards a dose-dependent increase of MDA in BAL 
by 41% and 73% in IG as compared to C, but the differences did not 
reach significance (P=0.06) Parameter of airiness was decreased in 
both IG (p<0.001; 81%, 69%). A dose-dependent decrease of airiness 
after irradiation was observed. Markers of inflammation were 
increased in both IG (p<0.001; 464%, 473%). 
The development of radiation pneumonitis was demonstrated 
histologically. Increased MDA levels in BAL documented mild 
oxidative stress in the airways. However, eNO levels were not 
increased as would be expected due to ongoing inflammation 
The authors thank the Ministry of Defence of the Czech Republic for 
financial support (project No OVUFVZ200806). 
 
POS27-02. Radiation-induced heart disease and the kallikrein-
kinin pathway. Marjan Boerma1, V. Sridharan1, S. Sharma1, E. 
Moros1, P. Corry1, E. Kaschina2, T. Unger2, M. Hauer-Jensen1, 1: 
University of Arkansas for Medical Sciences, USA, 2: Charite - 
University Medicine, Germany 
 
Background: Radiation-induced heart disease (RIHD) is a potentially 
severe side effect after radiation therapy of thoracic and chest wall 
tumors. We have previously shown that mast cells protect against 
cardiac function loss and adverse structural remodeling after local 
heart irradiation in the rat. Mast cells are known to interact with the 
kallikrein-kinin pathway. In this pathway, kininogen serves as the 
precursor for kinins, small peptides that have pro-inflammatory 
properties, but may also show some cardioprotective effects. The 
current study addresses the role of the kallikrein-kinin system in 
RIHD. 
Methods: Male adult kininogen-deficient Brown Norway Katholiek 
(BNK) rats and wild-type Brown Norway (BN) rats received localized 
heart irradiation with a single dose of 18 or 24 Gy, or received sham-
irradiation. Cardiac functional and structural changes were assessed 
with small animal echocardiography, Langendorff-perfused rat heart 
preparations, histology and immunohistochemistry. 
Results: Localized heart irradiation resulted in dose-dependent 
changes in cardiac function and structure. A single dose of 18 Gy 
resulted in increased diastolic wall stress in wild-type BN rat hearts, 
but not in kininogen-deficient BNK rat hearts. In addition, at 3 months 
after a single dose of 24 Gy, radiation-induced changes in 
echocardiographic parameters were more severe in BN rats compared 
to BNK rats. 
Conclusions: These results demonstrate that the kallikrein-kinin 
pathway contributes to functional and structural radiation injury in the 
heart. Further studies to elucidate the interactions between mast cells 
and the kallikrein-kinin system are ongoing. 
 
POS27-03. Delayed effects of acute radiation exposure (DEARE) 
in the murine intestine following exposure to high-dose 
irradiation. Catherine Booth1, G. Tudor1, T. MacVittie2, 1: Epistem 
Ltd, UK, 2: University of Maryland SOM, USA 
 
The acute effects of irradiation on the gastrointestinal (GI) system are 
well documented (weight loss, diarrhea, dehydration, susceptibility to 
infection). Histopathology reveals an initial shortening of the crypt 
and villi (as cell division is interrupted) followed by crypt loss and 
ulcer development at times co-incident with the onset of diarrhea (day 
4 post-irradiation in C57Bl/6 mice). This occurs before the symptoms 
of bone marrow (BM) toxicity, but requires higher doses of irradiation 
(beyond the LD100 for BM toxicity). However, in a nuclear terrorist 
scenario radiation exposure will be non-uniform, often resulting in 
low levels of bone marrow shielding. 
We have establised models of partial-body irradiation (PBI) with both 
high (40%: head, thorax, forelimbs shielded) and low (5%: tibiae, 
fibulae, ankles, feet shielded) BM sparing. These both allow the study 
of GI effects with maintained haematological involvement. 
Irradiations at ~0.7Gy/min used a 300kVp X-ray, 10mA, with 
filtration giving a radiation quality of 2.3 mm Cu HVL. Mice 
husbandry used acid water and filter-top caging  
Following both types of PBI a prolonged GI syndrome was seen at 
doses >12Gy, with a dose related increase in observed pathologies. 
After 20 days mice developed structures similar to early adenomas. 
By day 75 most mice had adenomas in both the small and large 
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intestine, and became moribund. The villi also appeared fragile and 
Paneth cells were extremely prominent. The histology of the mature 
cells in the large intestine was also changed. 
However, when mice were maintained on ciprofloxacin they 
continued to thrive for >200 days. In these mice the crypts became 
smaller and villi larger. Abnormally high levels of apoptotic and 
mitotic cells were present, along with the early adenomas, both 
suggesting deregulated cell turnover. A larger, inflamed and 
potentially fibrotic, submucosa developed. These observations are 
similar to those seen in geriatric animals, suggesting that DEARE may 
induce a premature aging of the GI. 
This phenomenon requires further investigation but it is the first 
recorded evidence of DEARE in the gut and may provide a model for 
evaluating potential therapeutics for this phenomenon. Further, since 
fibrotic DEARE are seen in the lung, there is the opportunity to link 
the two model systems using the 5% BM-shielding method. 
 
POS27-04. Ramipril mitigates radiation-induced impairment of 
cognitive function. Stephen Brown, K.A. Jenrow, A.J.J. Kolozsvary, 
K. Lapanowski, H. Naei, J.H. Kim, Henry Ford Hospital, USA 
 
Whole brain irradiation (WBI) at doses as low as a few Gy are 
sufficient to disrupt granule cell neurogenesis within the rat dentate 
gyrus, and this disruption has been associated with an impairment of 
hippocampal plasticity and cognitive function. Anti-inflammatory 
agents have previously been shown to mitigate decreases in granule 
cell neurogenesis following WBI. Here we have investigated the 
mitigating effects of Ramipril, an angiotensin converting enzyme 
(ACE) inhibitor on object recognition following whole brain radiation 
and a new model combining a sublethal dose of total body irradiation 
immediately followed by an equal dose of whole brain irradiation. 
Groups of male Fischer 344 rats received WBI doses of 0 (control), 12 
Gy or 6 Gy plus 6 Gy WBI using a Cs-137 irradiator.  Ramipril (1.5 
mg/kg/day, oral in drinking water) therapy was initiated 24 hours 
post-irradiation and continued for 6 months until sacrifice. Rats were 
acclimated to the testing chamber on three consecutive days and 
allowed to become familiar with two similar objects. On the third day 
after acclimation, one of the familiar objects was replaced with an 
unfamiliar, novel object.  The percentage of time within a three 
minute duration that the rats spend exploring the novel object was 
measured. 
Unirradiated control rats spent an equal amount of time with two 
familiar objects whereas unirradiated control rats spent 80 +/- 9 % 
more time in the proximity of a novel object.  Irradiated rats, either 12 
Gy total brain or 6 Gy total brain plus 6 Gy WBI spent an equal 
amount of time between familiar and novel objects indicating 
irradiated rats without drug treatment were not motivated to explore 
the novel object.  Irradiated rats receiving Ramipril spent 90% +/- 
13% more time in the proximity of a novel object indicating rats 
receiving Ramipril retained curiosity, motivation, inquisitiveness and 
memory of the objects.  The cognitive-testing studies confirm the 
results of previous and ongoing studies using a variety of structural 
and functional endpoints that demonstrate Ramipril mitigates sub-
acute and late radiation injury to the CNS. 
ACE inhibitors, FDA approved for other uses and with a proven safety 
record, can be administered post-irradiation to provide significant 
mitigation of undesirable radiation injury to the brain. 
Supported by NIAID U19 AI067734 (JHK). 
 
POS27-05. Regional Thoracic Irradiation in Mice to Avoid 
Pleural Effusions and Resolve Genetic Differences in Radiation 
Lung Damage. Julian Down1, I. Jackson2, Z. Vujaskovic2, 1: 
Massachusetts Institute of Technology, USA, 2: Duke University 
Medical Center, USA 
 
Historical comparisons among nine different mouse strains receiving 
whole thorax irradiation (WTI) have shown a diverse progression of 
injury that limits survival. This encompasses variations in sensitivity 
and latency of severe compressive pleural effusions as well as of 
pulmonary pathology (pneumonitis and fibrosis). In many mouse 
strains (BALB/c, A/J, C57BR, WHT, TO and C57BL/6), the effusions 
appear to arise before or at the time of pneumonitis and prevent the 
complete evaluation of lung pathology (Jackson et al. Radiat. Res. 
173:10-20, 2010; Radiat. Res. 175:510-518, 2011).  While the 
complicating effects of pleural effusions after WTI in these strains 
may not satisfy the requirements of the FDA ―Animal Rule‖ prior to 
approval of radiation mitigators for human use, it remains desirable to 
develop a model in which the genetic susceptibility towards radiation 
pneumonitis and fibrosis can be resolved for development of 
predictive assays and targeted therapeutics. There is also a need to 
address conditions relevant to localized thoracic radiotherapy where 
the compensatory role of unirradiated lung tissue is expected to 
provide recovery from injury. Earlier studies have shown that 
localizing the irradiation over a range of doses to the right hemithorax 
(HTI) of CBA mice avoids the effusions and enables long-term 
survival with non-invasive evaluation of lung injury using the 
breathing rate assay (Down et al. Radiother. Oncol. 6:43-50, 1986). 
More recently, we have followed and compared the progression of 
lung damage using high resolution micro-CT among three mouse 
strains (CBA, C57L and C57BL/6) receiving 12.5-17.5 Gy HTI  and 
revealed large differences in both the sensitivity and timing of 
radiological density changes within the irradiated lung and without 
lethality. Other experiments involving partial irradiations to bilateral 
lung volumes (≥50%) that include the base of the thorax have, 
however, produced morbidity in C3H mice and where pleural effusion 
was often found in the sick animals (Liao et al. IJROBP 32:1359-
1370, 1995). The availability of a high precision image-guided 
irradiation platform enables more accurate localized dose delivery to 
different regions of the thorax and may show the location of radiation 
damage that leads to effusions as well as enabling regional dose-
volume relationships that determine pulmonary tolerance. 
 
POS27-06. Understanding the Mechanism of Mitigation of 
Radiation Nephropathy by ACE Inhibitors. Brian Fish, J. Moulder, 
E. Cohen, K. Potempa, M. Medhora, Medical College of Wisconsin, 
USA 
 
We have shown that the ACE inhibitor (ACEi) captopril is effective in 
the mitigation of radiation-induced renal injury in humans and 
rodents. However, the mechanism of action remains unknown. Four 
ACEi have been tested and are effective in mitigation of radiation 
nephropathy. We cannot assume that the mitigation efficacy is directly 
related to suppression of ACE, since ACE inhibitors have other effects 
(e.g., on bradykinin and on the hematopoietic cytokine, AcSDKP).  In 
addition, captopril contains a reducing sulphydryl (-SH) group, which 
may be effective against oxidative stress induced by radiation.  We are 
therefore testing 3 ACE inhibitors (ramipril, fosinopril and enalapril) 
each, which have different chemical structures, head-to-head against 
captopril for the mitigation of radiation nephropathy.  We are using 
doses that are equally effective for suppression of the systemic renin-
angiotensin system in these rats (as measured the raising of plasma 
renin activity, PRA).  If the four ACEi are equally effective, it would 
imply that their mitigation efficacy is directly tied to a common 
mechanism such as systemic suppression of the renin-angiotensin 
system. 
In normal rats we tested the four ACEi‘s for their effects on plasma 
renin activity (PRA) and systolic blood pressure (BP). Captopril at 
300 mg/L, enalapril at 30 mg/L, fosinopril at 50 mg/L or ramipril at 
1.2 mg/L given in drinking water, all raised PRA 3 fold. Normal rats 
have a PRA of 7-10 ng/ml/hr.  At these doses the four ACEi had a 
small effect on systolic blood pressure making normal rats slightly 
hypotensive. 
Mitigation of radiation nephropathy is being tested in our rat model of 
total body irradiation with bone marrow transplant (TBI). The ACEi‘s 
are being delivered in the same manner in irradiated and control rats. 
Serial serum samples will be assayed for BUN, a proven marker of 
renal injury and PRA levels. Rats will be followed until moribund. We 
will determine whether ACEi have equal mitigation benefit at doses 
that raise the PRA to the same degree, to correlate mitigation with 
suppression of the renin angiotensin system. Funding: NIAID U19 
AI067734 
 
POS27-07. NRF2 deficiency reduces life span of mice 
administered thoracic irradiation. Michael Freeman1, E.L Travis2, 
G. Rachakonda1, K.R. Sekhar1, M.L. Freeman1, 1: Vanderbilt 
University School of Medicine, USA, 2: The University of Texas MD 
Anderson Cancer Center, Houston, TX, USA 
 
Subsets of cancer survivors who have been subjected to thoracic 
irradiation face the prospect of developing pulmonary 
injury.  Radiation-induced pulmonary fibrosis is an insidious injury 
that presents 6 to 24 months after irradiation and continues to progress 
over a period of years. TGF-β and reactive oxygen species contribute 
significantly to the pathogenesis of this injury.  The transcription 
factor NRF2 controls antioxidant gene expression and therefore 
regulates the cellular oxidant burden.  This work demonstrates an 
additional paradigm for NRF2: suppression of TGF-β-mediated 
induction of PAI-1in fibroblasts, measured using GMSAs, ChIP, and 
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CAGA-directed reporter assays.  Thoracic irradiation of Nfe2l2 (-/-) 
mice resulted in rapid expression of PAI-1 and FSP-1 compare to 
irradiated wild type mice.  Examination of lung tissue 16 weeks after 
thoracic irradiation of Nfe2l2 (-/-) mice revealed the presence of 
distended alveoli and decreased numbers of alveoli compared to wild 
type mice.  Suppression of NRF2 expression shortened life span in 
mice administered 16 Gy to the thorax.  Nfe2l2 (+/-) and (-/-) mice 
exhibited a mean life span of 176 days compared to wild type mice 
that lived an average of 212 days.  These novel results identify NRF2 
as a susceptibility factor for development of late tissue injury.  
 
POS27-08. Heart-Lung interaction in the development of 
radiation pneumonitis. Ghazaleh Ghobadi1,6, S.J. van der Veen1, B. 
Bartelds2, R.A. de Boer3, J.R. de Jong4, S. Brandenburg5, R.M.F. 
Berger2, J.A. Langendijk6, R.P. Coppes1, P. van Luijk6, 1: Department 
of Cell Biology, Section of Radiation and Stress Cell Biology, 
University Medical Center Groningen, Netherlands, 2: Center for 
Congenital Heart Disease, Beatrix Children Hospital, University 
Medical Center Groningen, Netherlands, 3: Department of 
Cardiology, University Medical Center Groningen, Netherlands, 4: 
Department of Nuclear Medicine and Molecular Imaging, University 
Medical Center Groningen, Netherlands,  5: Kernfysisch Versneller 
Instituut, University of Groningen, Netherlands,  6: Department of 
Radiation Oncology, University Medical Center Groningen, 
University of Groningen, Netherlands 
 
The risk of early radiation pneumonitis limits the radiation dose and 
efficacy of radiotherapy of thoracic tumors. Besides lung dose, co-
irradiation of the heart was shown as a risk factor of radiation 
pneumonitis (1-3). However, classically the heart is regarded a late 
responding organ. 
Aim: Investigate potential early pathophysiological cardiac changes 
after heart and lung irradiation. 
Methods: Rats‘ heart and/or lung were irradiated to 20 Gy using high-
precision proton beams. Subsequently 8 weeks post-irradiation cardio-
pulmonary performance was assessed by left/right-sided cardiac 
catheterization and FDG-PET scans. Heart and lung tissue were 
evaluated using histopathology. 
Results: Already 8 weeks after irradiation of the heart (+inevitable 
25% of the lung) left ventricle (LV) end-diastolic pressure and 
relaxation time increased from 3.8 ± 0.6 to 11.3 ± 1.8 mmHg and 
8.7±0.2 to 11.6±0.4 msec, n=5 respectively indicating early LV 
diastolic dysfunction. Moreover, pronounced LV perivascular fibrosis 
(19% of vascular surface area) and pulmonary perivascular and 
interstitial edema in non-irradiated lungs were observed. Interestingly, 
besides inducing irradiated-volume dependent changes in pulmonary 
artery pressure, lung irradiation alone also increased the relaxation 
time of LV to 12± 1 mmHg, n=5 and decreased LV stroke volume 
(40%). Moreover, combined irradiation of lung and heart reduced LV 
volume parameters and cardiac output even further. In addition to LV 
diastolic dysfunction and increased pulmonary artery pressure from 
18±1 to 30±3 mmHg, n=4, lung + heart irradiation also induced a 
pronounced right ventricle diastolic dysfunction indicated by 
increased right ventricle end-diastolic pressure from 0±2 to 22±1 
mmHg, n=4. 
Conclusion: Heart and lung irradiation independently impair the same 
cardiac diastolic performance parameters through different 
mechanisms. Contrasting the classical view of the heart as a late 
responding organ, in our rat model heart irradiation may induce early 
subclinical pathophysiological changes that, if combined to lung 
irradiation may manifest as an enhanced risk and severity of radiation 
pneumonitis. 
1. van Luijk P, Cancer Res. 2005. 
2. van Luijk P, Int. J. Radiat. Oncol. Biol. Phys. 2007 
3. Huang EX, Acta Oncol. 2011. 
 
POS27-09. Inter-individual variations in the human 
transcriptome following in vivo exposure to low dose ionizing 
radiation. Albrecht Huguette, M. Saipiroon, D. Blythe, K. Karen, R. 
David, University of California Davis, Medical School, Department of 
Public Health Sciences, USA 
 
Human exposure to low dose ionizing radiation (LDIR), defined as 
equal or lower than 0.1 Gy, can occur through a variety of sources, 
including natural (cosmic rays, radionuclides in Earth‘s crust), 
medical (diagnostic imaging and therapy), occupational (nuclear 
factory and medical workers), and accidental (nuclear catastrophe, 
terrorist act). However, the biological effects and molecular 
mechanisms involved in the human response to LDIR are still poorly 
understood.  Since the effects of radiation in humans are best studied 
in humans, our laboratory has pioneered analysis of human skin 
following in vivo exposure to LDIR. In essence, normal skin from 
consented men undergoing radiotherapy for early stage prostate cancer 
is used. Studying the effects of IR in human skin is highly relevant 
since skin is the most abundant organ in humans, and the first organ 
exposed to IR during occupational, therapeutic and accidental 
exposures. 
Methods. The present study included 7 patients and a total of 4 skin 
punch biopsies were collected per patient: one prior IR exposure and 
one each at 3, 8 and 24h following exposure to 0.01 Gy, as determined 
by MOSFET (metal-oxide semiconductor field-effect transistor) 
dosimetry. Transcriptional changes in duplicate samples (obtained by 
splitting each biopsy) of control skin and IR exposed skin were 
assessed by global gene expression analysis using Illumina Human 
Ref-8 beadchips (24,526 RefSeq curated gene probes). While the 
same original data set has been previously analyzed to identify 
common biological responses following in vivo exposure to a 0.01 Gy 
dose of Xrays, here we focused on the inter-individual variability in 
response to LDIR. Linear mixed effects modeling was used to select 
genes with the most variability between patients in response to 
radiation over time. Genes were classified into functional groups with 
DAVID (http://david.abcc.ncifcrf.gov/), and MetaCore by 
GENEGO® was used to map differentially expressed genes to 
functional pathways. 
Results. Following background subtraction, probes with a detection P-
value < 0.05 for all arrays were selected, resulting in a data set with a 
total of 21145 probes. Out of these, 2592 probes (12%) had a raw P-
value < 0.05 for the likelihood ratio test of a patient-treatment 
interaction effect (indicating significant variability among patients in 
response over time), and 493 (2%) had a false discovery rate (FDR)-
adjusted P-value < 0.05. For most probes, the variability in gene 
expression between patients at a given time point was greater than the 
mean change in expression between time points. Genes and pathways 
represented in these inter-individual variable gene expression profiles 
will be discussed. 
Analysis of the inter-individual transcriptional changes induced by in 
vivo exposure to LDIR is expected to contribute to a better definition 
of the biological effects of LDIR in humans, and thereby enable risk 
assessment to assist with public policy decisions. 
 
POS27-10. Functional Mitigation Following Whole Brain 
Irradiation. Kenneth Jenrow, S. Brown, K. Lapanawski, H. Naei, A. 
Kolozsvary, J.H. Kim, Henry Ford Hospital, USA 
 
Whole brain irradiation (WBI) doses of 10 Gy or less are sufficient to 
impair neurogenesis in the rat dentate gyrus, along with hippocampal 
plasticity and cognitive function. Impaired neurogenesis reflects both 
the acute loss of neural progenitors via apoptosis and a more gradual 
disruption of neurogenic signaling via inflammation. Anti-
inflammatory drugs can partially prevent these deleterious effects 
when administered prior to irradiation. Here we report that minozac, a 
selective inhibitor of pro-inflammatory microglial cytokines, can 
mitigate these deleterious effects and restore measures of hippocampal 
function to levels comparable to those of unirradiated controls. 
Male Fischer 344 rats received WBI doses of 0 and 10 Gy using a Cs-
137 irradiator. Minozac therapy (5 mg/kg/day,IP) was initiated 24 
hours post-WBI and continued for 4 weeks post-WBI. As measures of 
hippocampal function, in vivo long-term potentiation (LTP) and 
behavioral assays were performed at 3, 6, and 9 months post-WBI. 
Rats were sacrificed by transcardial perfusion/fixation and brains 
processed for paraffin embedding and immunohistochemical staining 
for BrdU, Ki67, DCX, NeuN, Ox-6, and Arc. Cells expressing these 
markers were quantified within the dentate gyrus in multiple sections 
along the anterior-posterior axis.   
Minozac significantly improved the consolidation of LTP in the 
dentate gyrus and the consolidation of hippocampus-dependent spatial 
memory at 3, 6 and 9 months post-WBI. These persistent mitigating 
effects were correlated with immunohistochemical measures of 
neuroinflammation and activity-induced neurogenesis and protein 
expression. 
The mitigating effects of minozac in this context are consistent with 
reduced neuroinflammation, preservation/restoration of neurogenic 
signaling and activity-dependent gene/protein expression and 
structural plasticity in the dentate gyrus. The persistence of these 
mitigating effects after therapy withdrawal suggests that the 
pathogenesis associated with radiation-induced cognitive impairment 
may be initiated by pro-inflammatory cytokines during a relatively 
brief interval post-WBI. 
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Funded by NIAID Cooperative Agreement U19 AI067734. 
 
POS27-11. Mechanisms of thymic recovery and T cell 
reconstitution following sublethal ionizing radiation. Zana 
Kepuska, G. Sempowski, Duke University, USA 
 
Background and Hypothesis: Proper thymic function is important for 
maintaining lifelong peripheral homeostasis of naïve and memory T 
cells. Age-induced thymic involution is chronic and does not recover. 
Acute thymus involution in settings of stress can spontaneously 
recover. We hypothesize that thymic involution associated with 
ionizing radiation is acutely driven by intrathymic factors similar to 
age-induced involution.Specific Aims: The overall goal of this 
research is to define mechanisms of thymic damage and recovery 
following acute stress (irradiation). Our specific aims are: 1) to define 
the cellular and molecular mechanisms that drive thymic damage and 
recovery associated with ionizing irradiation, 2) Determine if 
inhibition of thymosuppressive cytokines coupled with 
thymostimulatory agents can enhance immune recovery following 
exposure to ionizing irradiation and 3) Determine whether similar 
mechanisms of damage and recovery function in 
aged.Methods: Young and old BALB/c mice were sublethaly 
irradiated (≤ 125 rad).Thymus function was monitored by thymus 
weight, cellularity, and TCR gene re-arrangement 
(mTREC).Results: In young, irradiation significantly reduced 
thymocyte number and depleted mTREC levels by day 7, followed by 
full recovery (day 42). In old, radiation did not cause further decrease 
in thymocyte number or mTREC compared to that induced by age. To 
define mechanisms of thymic involution/recovery expression of 
thymostimulatory factors and indicators of healthy thymus were 
analyzed.While IL-7 and FoxN1 mRNA levels were not impacted in 
the young, KGF and AIRE mRNA expression levels were 
significantly reduced during irradiation-induced involution. These 
levels restored to baseline 21 days prior to full thymus functional 
recovery. Thus, suggesting a critical role of thymic-stromal derived 
KGF in promoting stroma/thymocyte crosstalk to mediate thymus 
recovery.Conclusions: Overall, these findings may lead to a better 
understanding of mechanisms involved in thymus recovery from 
damage and inform development of strategies to restore thymic 
function in the aged. 
 
POS27-12. Plerixafor, a CXCR4 Antagonist, Mitigates Skin 
Radiation-Induced Injury in Mice. Jae Ho Kim, A.J.J. Kolozsvary, 
K.A. Jenrow, S.L. Brown, Henry Ford Hospital, USA 
 
Skin injury limits the achievable dose during radiotherapy and is of 
concern in the context of radiological terrorism or accident since skin 
irradiation lowers the lethal dose of whole body radiation.  Our 
working hypothesis is that radiation-induced skin injury originates 
from a loss of stem and progenitor cells, accompanied by excessive 
ROS production and proinflammatory cytokines.  Plerixafor, a CXCR-
4 antagonist, is one of the most efficient bone marrow stem cell 
mobilizers and these studies were designed to experimentally assess 
the potential of Plerixafor to reduce skin radiation injury.   The right 
hind legs of groups of C57BL/6 mice were exposed to radiation alone 
or in combination with Plerixafor.  Plerixafor was administered either 
intraperitoneally or subcutaneously at a dose of 5 mg/kg given in two 
doses separated by two days started either on day 0, 4, 7, 15, or 24 
after radiation (typically 25 Gy).  The primary endpoint was skin 
injury assessed three times a week for at least 2 months using a semi-
quantitative scale (and pooled data from two independent 
observers).  Secondary endpoints measured at selected time points 
included histology (primarily H&E), tissue thickness measurements 
obtained using a 13MHz ultrasound real time B scan, and cytokine 
levels (TGF-beta and TNF-alpha).  The late skin injury in mice 
receiving Plerixafor was highly dependent on the timing of the 
administration of the drug.  The maximum benefit was observed when 
the drug was started one week AFTER the radiation exposure; earlier 
or later administrations of drug decreased its efficacy.  Secondary 
endpoints of damage assessed histologically, tissue thickness and 
cytokine levels provided confirmatory observations.  In an attempt to 
understand mechanism of action, the ligand to CXCR4, stromal 
derived factor, SDF-1, was measured.  Expression of SDF-1 
monitored in skin as a function of time after a 10 Gy radiation 
exposure suggested a strong correlation between timing of 
administration of Plerixafor and expression of SDF-1 in irradiated 
skin: optimum drug administration timing coincided with maximal 
SDF-1 expression in the skin of irradiated mice.  The report presents 
the first observation that CXCR4 antagonist improves both acute and 
late skin response to radiation exposure. 
Supported by U19-AI067734-04 (JHK) and R21-ES019251 (JHK). 
 
POS27-13. p53 Controls Radiation-Induced Heart Disease by 
Regulating Mitotic Death in Endothelial Cells. Chang-Lung Lee1, 
K. Cuneo1, J. Sullivan1, E. Moding1, L. Jeffords1, R. Rodrigues1, Y. 
Ma1, C. Kontos1, Y. Kim2, D. Kirsch1, 1: Duke University, USA, 2: 
North Carolina State University, USA 
 
Radiation therapy plays an important role in the curative treatment of 
cancer patients. However, late effects of radiation therapy are 
frequently dose-limiting in the clinic. One well-described late effect of 
radiation therapy to the heart is decreased blood flow to the 
myocardium and subsequent myocardial necrosis. However, the 
molecular mechanisms that control radiation-induced damage to the 
microvasculature and loss of the myocardial capillaries are not well 
understood. Here, we show that Tie2Cre; p53FL/- mice, in which p53 is 
deleted in endothelial cells, are susceptible to radiation-induced 
myocardial necrosis, which is preceded by changes in microvessel 
permeability and capillary loss in the myocardium. Experiments with 
primary cardiac endothelial cells from Tie2Cre; p53FL/- mice 
irradiated in vitrodemonstrate that p53 functions to protect endothelial 
cells from radiation by preventing premature entry into mitosis and 
mitotic catastrophe. Furthermore, mice lacking the p53 transcriptional 
target cyclin-dependent kinase inhibitor p21, are also susceptible to 
radiation-induced myocardial necrosis. Therefore, our results 
demonstrate that p53 functions in endothelial cells to control 
radiation-induced damage to the heart at least partially through p21. 
 
POS27-14. Angiogenesis Gene Expression Profiling in Irradiated 
Skin. Argelia Lopez1, A. Schock1, N. Duncan1, E. Olasz1, W. 
Kittipongdaja1, S. Doctrow2, B. Fish1, J. Moulder1, Z. Lazarova1, 1: 
Medical College of Wisconsin, USA,  2: Boston University, USA 
 
Angiogenesis plays a pivotal role in the normal wound healing 
process, requiring endothelial cell proliferation and migration and 
aiding fibroblast proliferation. Skin exposure to ionizing radiation 
suppresses angiogenesis and delays wound healing.  To identify gene 
expression changes potentially involved, we analyzed mRNA 
collected at 30 days following a 30 Gy single-dose skin irradiation 
using an angiogenesis pathway microarray. Male WAG/RijCmcr rats 
(n=10) were divided into irradiated and non-irradiated groups (5 rats 
per group). The dorsal skin was exposed to a 15kVp x-ray beam with 
a steep dose gradient. Rats were irradiated without anesthesia and 
control rats were sham irradiated. At the peak of radiation dermatitis, 
the animals were euthanized. Total RNA was isolated from the skin 
using RNeasy Mini Kit (Quiagen, Valencia, CA), pooled and RT2 
Profiler PCR Arrays on Rat Angiogenesis (SA Biosciences, Frederick, 
MD) were performed. There was an up regulation of 36 genes and 
down regulation of 10 genes in irradiated skin compared to controls. 
The key up regulated genes were matrix metalloproteinases 2, 3, 9, 19 
and chemokine ligand (C-X-C motif) 2. Among the down regulated 
genes were fibroblast growth factor 2, fibroblast growth factor 
receptor 3 and interferon beta 1 suggesting a dominant role of dermal 
fibroblasts in the pathomechanism of radiation induced skin damage. 
This work was supported by NIAID cooperative agreement AI067734. 
 
POS27-15. Heavy ion radiation effects on spermatogenesis in 
Medaka (Oryzias latipes) p53 nonsense mutant. Hiroshi Mitani1, S. 
Oda1, Z. Li1, Y. Kimori2, H. Yasuda3, T. Fujiwara-Ishikawa4, T. 
Todo4, T. Yasuda1, 1: Graduate School of Frontier Sciences, The 
University of Tokyo, Japan, 2: National Institutes of Natural Sciences, 
Japan, 3: National Institute of Radiological Sciences, Japan, 4: 
Graduate School of Medicine, Osaka University, Japan 
 
Medaka (Oryzias latipes) is a useful experimental fish and precise 
system to measure germ cell mutation induction by specific locus test 
was established and found that the spontaneous and γ-ray induced 
mutation rates are very similar to those of mice (Shima and 
Shimada1991). Kuwahara et al (2004) examined radiation induced 
apoptosis in Medaka pre-meiotic spermatogenic cells and 
spermatogonial stem cells (SSC) and suggest that after irradiation 
most surviving spermatogenic cells, except for the SSCs, are 
prematurely eliminated from the testis by spermatogenesis 
acceleration.  Taniguchi et al. (2006) showed that p53 also plays a 
general role in tumorigenesis in fish as 'a guardian of the genome'. 
We established p53 nonsense mutant strain with inbred HdrR 
background to examine the role of p53 on radiation induced 
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histological change including apoptosis in testis. The spermatogenesis 
in p53 nonsense mutant is almost normal but small number of cells 
with large nuclei are observed.  At 24 hours after 5Gy γ-irradiation, 
there were a lot of pycnotic cells in the isogenic wild-type testis. 
In p53 mutants, a lot of pycnotic cells appeared after 6 days after 
irradiation but the increase in somatic cells and the acceleration of 
spermatogenesis was also observed like in wild-types. The number of 
cells with large nuclei was increased and their size becomes as big as 
immature oocytes. Shimada et al. (2005) reported that RBE for 
dominant lethal mutations and total color mutations for exposed sperm 
and spermatids was 1.5–3.0 for exposure to Fe nuclei. The histological 
change in testis induced by iron-ions (500Mev/u) at 1Gy was similar 
but less than that induced by 5Gy γ-irradiation in both strains. This 
suggests that RBE of Fe ions for histological damage in testis is 
similar to that for germ cell mutagenesis. 
 
POS27-16. Changes in hippocampal gene expression 48 hours and 
2 months after fractionated whole-brain irradiation of the young 
adult male rat. Elizabeth Moore, D. Schloesser, L. Miller, M. 
Robbins, Wake Forest University School of Medicine, USA 
 
Background: In 2011 ~200,000 patients will receive partial or whole-
brain irradiation (WBI) for the treatment of primary and metastatic 
brain tumors in the USA.  Radiotherapy has been shown to cause 
damage to the normal brain; as a result the risk of damage to the 
normal brain limits the dose that can safely be delivered to the tumor, 
compromising therapeutic effectiveness. Preclinical studies 
demonstrate a marked and persistent radiation-induced reduction in 
neurogenesis as well as neuroinflammation in the 
hippocampus.  However, the molecular mechanisms involved remain 
ill-defined. We used a microarray approach to identify putative 
mediators/signaling pathways modulated in the rat hippocampus 
following fractionated (f)WBI. 
Methods: Groups of young (12 week old) adult male Fischer 344 x 
Brown Norway rats received a total dose of 40 Gy fWBI (5 Gy 
fractions, 2x/week for 4 weeks); the hippocampi were isolated at 48 
hours (h, acute) and 2 months (m, delayed) postirradiation and mRNA 
samples analyzed using Rat Genome 230 2.0 microarray chips. 
Results: We observed two distinct radiation response signatures. 
Upregulation of genes involved in the NF-κB (TRAF4, IL-1, IL-33, 
FAS), TNF-α (ARC, HEXB) and Erk1/2 (JUNB, EGR2, SGK1, 
CSPG) signaling pathways was observed 48 h after fWBI. In addition, 
we observed induction of genes involved in p53-mediated apoptosis 
(AEN) and cell cycle arrest (Mgmt).  At 2 m after fWBI we observed 
upregulation of a different series of genes involved in NF-κB (CD36, 
HLA-C, CXCL16), TNF-α (CCL6, CLEC7A) and Erk1/2 (CD14, 
PLAU) signaling pathways. Only Mgmt and CDKN1A/p21, genes 
involved in cell cycle arrest and DNA repair, were both increased 48 h 
and 2 m after fWBI. HOMER1 a gene involved in synaptic 
transmission was upregulated at 48 h but downregulated at 2 m after 
fWBI. Similarly LYSOZYME 2, a gene involved in proteolysis, 
typically activated during the innate immune response, was 
downregulated 48 h and upregulated 2 m after fWBI. 
Conclusions: We observed upregulation of genes involved in NF-κB, 
TNF-α and Erk1/2 signaling pathways at 48 h and 2 m after fWBI. 
However, the specific pattern of genes that were upregulated differed 
at 48 h and 2 m after fWBI. This suggests that unique groups of genes 
are modulated in the acute and delayed normal brain response to 
radiation. (Supported by CA122318) 
 
POS27-17. ERK/GSK-3ß/Snail signaling mediates radiation-
induced alveolar epithelial-to-mesenchymal transition. Devipriya 
Nagarajan, W. Zhao, Wake forest University Baptist Medical Centre, 
USA  
 
Radiotherapy is one of the major treatment regimes for thoracic 
malignancies, but has often resulted in severe lung complications 
including pneumonitis and fibrosis. Recent studies suggest that 
epithelial to mesenchymal transition (EMT) plays an important role in 
tissue injuries leading to organ fibrosis. This prompted us to test 
whether radiation can induce EMT in the lung. To investigate this 
hypothesis, the thorax of young adult female FVB/N mice was 
exposed to a single dose of 12 Gy 137Cs g rays and lung tissues were 
harvested at 14 weeks post-irradiation. Radiation remarkably 
decreased the epithelial-specific proteins (E-cadherin and aquaporin-
5) and increased the mesenchymal proteins (vimentin and α-smooth 
muscle actin [α-SMA]) in lungs. Additionally, immunofluorescence 
staining showed the increased expression of α-SMA protein in 
alveolar type II epithelial cells of the irradiated lungs, suggesting the 
occurrence of EMT following irradiation. To investigate the potential 
mechanism(s) associated with this change, rat alveolar type II lung 
epithelial RLE-6TN cells were irradiated (8Gy) and cell lysates were 
collected from 15 min to 96 h post-irradiation. Western blot and 
immunofluorescence analysis showed a time-dependent decrease in E-
cadherin with a concomitant increase in α-SMA and vimentin from 24 
to 96 h after radiation, suggesting the phenotypic transformation of 
epithelial cells to mesenchymal-like morphology. Protein levels and 
nuclear translocation of Snail-1 and Slug, the key inducers of EMT, 
were significantly elevated in the irradiated RLE-6TN cells. Radiation 
also induced a time-dependent inactivation of glycogen synthase 
kinase-3b (GSK-3ß), an endogenous inhibitor of Snail transcription, 
by increasing phosphorylation at serine 9 residue. A marked increase 
in phosphorylation of MAPK kinases Erk1/2, but not JNKs or p38 
were observed in irradiated cells. Silencing of the Erk1 and Erk2 
genes using lentiviral delivery of shRNAs and inhibition Erk1/2 
activity using the specific inhibitor U0126 attenuated the radiation-
induced phosphorylation of GSK-3ß, activation of Snail, and altered 
protein levels of α-SMA and E-cadherin. Taken together, our findings 
reveal, for the first time, that radiation-induced alveolar EMT is 
mediated by the ERK/GSK-3ß/Snail pathway. 
 
POS27-18. Hippocampal neurogenesis and memory formation are 
disrupted following whole-body irradiation of neonatal mice. John 
Olschowka, J. Velasquez, A. Hein, C. Burley, C. Johnston, J. 
Finkelstein, J. Williams, M.K. O'Banion, University of Rochester, 
USA 
 
Children exposed to therapeutic radiation for either cancer or bone-
marrow transplantation often demonstrate long-term neurocognitive 
deficits.  Studies using animal models have identified a dose-
dependent correlation between irradiation and declining 
neurocognitive performance.  These studies often target the 
hippocampus, given its role in neurogenesis and memory 
formation.  In order to further elucidate behavioral and molecular 
phenotypes following neonatal whole-body radiation exposure, 4-day-
old C57BL/6 mice were treated with 2.5 or 5 Gy gamma radiation. 
Irradiated and unirradiated control mice underwent fear conditioning 
to assess hippocampal-dependent and -independent learning at 2, 3, 6, 
and 9 months post-irradiation.  Upon completion of memory tests, 
mice were sacrificed and brains harvested to investigate dose- and 
time-dependent changes in neurogenesis and brain 
morphology.   Substantial memory deficits were observed in 5 Gy 
irradiated mice at all time points.  To assess hippocampal 
neurogenesis, brain sections were stained for doublecortin (DCX) and 
Ki-67.  Irradiated neonatal mice had reduced numbers of DCX+ and 
Ki-67+ cells, especially with 5 Gy of radiation.  Moreover, the dentate 
gyrus, which is still developing at postnatal day 4, displayed 
significant volumetric shrinkage at both 2 and 9 months following 5 
Gy irradiation.  The CA1 and CA3 regions of the hippocampus also 
had reduced volume at 9 months post-irradiation.  To further assess 
the role of hippocampal development in radiation-induced CNS 
sequelae, additional groups of mice were irradiated at postnatal day 7 
and 14, separately, and sacrificed 3 months post-irradiation.  Analyses 
of memory functioning, neurogenesis, and hippocampal volume are 
currently underway. These studies will provide a model of neonatal 
radiation injury for future investigations of possible radiation 
mitigating agents. This work was supported by NIH grants: U19 
AI067733, U19 AI091036, T32 NS051152-05, and the NIH 
Postbaccalaureate R25GM64133.  
 
POS27-19. Dynamic expression patterns of p53 and p21 proteins 
over time in different tissues after gamma irradiation. Akira 
Ootsuyama, R. Okazaki, T. Norimura, Univ. of Occupa. and Environ. 
Health, Japan 
 
  It is known that p53 protein expression patterns due to some stresses 
show different dynamics in some cultured cells over time (1). In 
addition, p53 protein expression patterns after whole body irradiation 
might also show different dynamics in some organs over time. It is 
important to determine p53 protein expression patterns for each organ 
to decide upon the end point when we estimate radiation 
sensitivity.  Mice (C57BL female, 7 weeks old) received whole body 
exposures to 8 Gy gamma rays and the expression of p53 and p21 
proteins was monitored in the some organs. We also monitored 
apoptosis to investigate its relationship to p53 protein 
expression.   There were biphasic peaks of p53 protein expression in 
the spleen. The first peak appeared 4 hours after irradiation and the 
second peak appeared 44 hours later. The two p53 protein expression 
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peaks nearly corresponded to that of p21 protein expression for the 
same period.  However, a clear peak was not shown for p53 or p21 
protein in the skin.  Because numerous high radiation sensitive cells 
are included in the spleen, these cells may respond to irradiation at the 
same time, and our results suggested such a response pattern. In 
contrast, there are few cells that respond to radiation in the skin, which 
precluded detecting a clear peak.  Spleen cells‘ apoptosis was attuned 
to the first p53 peak and the p21 protein, but did not correspond with 
the second p53 peak. We considered that the first peak corresponded 
to the cascades of the so-called apoptosis or G1 arrest system induced 
by the p53 protein, but the second peak was not associated with the 
apoptosis cascade.  These results suggest that the dynamics of the p53 
and p21 protein expression patterns over time after whole body 
irradiation differ within organs. The second p53 peak, in the spleen, 
may indicate that the p53 protein has some roles for tissue recovery 
after apoptosis or cell repair. 
(1) E. Batchelor, A. Loewer & G. Lahav. The ups and downs of p53: 
understanding protein dynamics in single cells. Nature Rev. Cancer, 9, 
371-377, 2009. 
 
POS27-20. Sphingosine-1-phosphate, a new class of tissue 
radiation protector. François Paris, Inserm, France 
 
Protecting the vasculature from radiation-induced death is a major 
concern in tissue radioprotection (Paris et al, Science 2001). 
Premitotic apoptosis and mitotic death are 2 prevalent cell death 
pathways induced by ionizing radiation. Endothelial cells (EC) 
undergo apoptosis after radiation through generation of the 
sphingolipid ceramide. However, direct involvement of mitotic death 
in proliferating EC radiosensitivity has not been clearly demonstrated. 
We proved that proliferating human microvascular EC undergo 2 
waves of death after 15 Gy: an early ceramide-dependent premitotic 
apoptosis and a delayed DNA damage-induced mitotic death. The fact 
that Sphingosine-1-Phosphate (S1P), a ceramide antagonist, protects 
EC only from membrane-dependant apoptosis, but not from DNA 
damage-induced mitotic death proves the independence of the 2 
pathways (Bonnaud et al Cancer Res. 2007). Adding nocodazole, a 
mitotic inhibitor, to S1P blocked the 2 cell death and fully prevented 
radiation-induced death. Segregation between ceramide-mediated 
apoptosis and DNA damage-induced mitotic death may give the 
opportunity to define a new class of radioprotectors for normal tissue 
where quiescent endothelium represent the most sensitive target, while 
excluding malignant tumor containing proproliferating angiogenic EC, 
sensitive to mitotic death. 
To validate its potential radioprotection activity, S1P was injected in 
mice exposed to 15 Gy, a dose-inducing acute gastrointestinal (GI) 
syndrome within 10 days. S1P injection before irradiation prevented 
GI syndrome by inhibiting endothelium collapse (Bonnaud et al 
Cancer Res. 2010). We defined endothelium as a specific therapeutic 
target because only these cells and not intestinal epithelial cells, or B 
and T lymphocytes, were protected. Pharmacologic approaches using 
AKT inhibitor and pertussis toxin established that S1P affords 
endothelial cell protection in vitro and in vivo through a mechanism 
involving AKT and 7-pass transmembrane receptors coupled to Gi 
proteins. Our results provide strong pharmacologic and mechanistic 
proofs that S1P protects EC against acute radiation enteropathy. 
 
POS27-21. Expression of TGF-β1 in rat colon enterocytes after 
whole body γ-irradiation. Jaroslav Pejchal1, V. Mařák2, J. 
Österreicher2, A. Tichý2, J. Vávrová2, Z. Ńinkorová2, L. Zárybnická2, 
E. Novotná2, A. Babicová3, J. Chládek3, 1: Faculty of Military Health 
Sciences, Czech Republic, 2: Department of Radiation Biology, 
Faculty of Military Health Sciences, University of Defence, Czech 
Republic, 3: Department of Pharmacology, Faculty of Medicine in 
Hradec Kralove, Charles University in Prague, Czech Republic 
 
Purpose: The purpose of our study was to examine early expression of 
TGF-β1 in rat colon enterocytes after irradiation and to assess the 
contribution of this protein to pathology of intestinal radiation disease. 
Material and methods: Male Wistar rats were randomly divided into 
28 groups and irradiated with whole body γ-radiation of 0.5, 1, 2, 3, 4, 
5, 6, 7, 8, 9, and 10 Gy. Samples were taken 4 and 24 h after the 
irradiation, immunohistochemically stained and TGF-β1 expressions 
were measured in enterocytes using computer image analysis. In 
selected groups (0, 0.5, 1, 3, 5, 8, and 10 Gy), morphometric 
parameters, mitosis and apoptosis were evaluated. 
Results: TGF-β1 expression increased in apical enterocytes 4 h after 
irradiation by 0.5–2, 4, 5 Gy and 24 h after irradiation by 6–10 Gy. In 
crypts, no changes of TGF-β1 expressions were observed. The lenght 
of crypts decreased 24 h after irradiation by 8 and 10 Gy. In apical 
enterocytes, the length of basal lamina decreased 24 h after irradiation 
by 0.5 and 1 Gy, while extension of basal lamina was observed 24 h 
after irradiation by 3, 5, 8, and 10 Gy. In crypts, we observed 
extension of basal lamina 24 h after irradiation by 5, 8, and 10 Gy. In 
apical enterocytes, TUNEL positivity increased 4 h after irradiation by 
8 and 10 Gy, while decreased 24 h after irradiation by the same doses. 
In crypts, apoptotic index of cryptal enterocytes increased 4 h after 
irradiation by 0.5, 1, 3, 5, 8, and 10 Gy. In the 24 h time interval after 
irradiation, the index was measured significantly increased after 
irradiation by 3, 5, 8, and 10 Gy. Mitotic index was significantly 
decreased 4 h after irradiation by 3, 5, 8, and 10 Gy and 24 h after 
irradiation by 5, 8, and 10 Gy. 
Conclusion: This study reveals that in vivo there is a chronological 
and dose-dependent order of TGF-β1 expression. Increased TGF-β1 
expression seems to protect apical enterocytes in vivo after high dose 
irradiation. 
 
POS27-22. Modeling Hematopoietic Effects of Radiation. Terry 
Pellmar, D. Stricklin, D. Oldson, K. Millage, Applied Research 
Associates, USA 
 
Modeling Hematopoietic Effects of Radiation, T. Pellmar, D. 
Stricklin, D. Oldson, K. Millage, Applied Research Associates, 
Arlington, VA 
Computational models of hematopoiesis, used in conjunction with 
hazard prediction models, allow planners to estimate the time-phased 
casualties and patient streams associated with specific radiation 
exposure scenarios. Previous efforts have produced models for 
lethality from hematopoietic syndrome (MarCell, Jones et al. Radiat. 
Res 128: 1991) and hematopoiesis (Smirnova 2011, Fliedner et al. 
Health Phys 70: 1996). 
MarCell describes time-dependent changes in an unspecified bone 
marrow population.   Differential equations describe the kinetics of 
cell killing, cell injury, repair of injured cells, death of injured cells, 
and repopulation of the normal population of cells. The rate constants 
computed from experimental mortality data in animals predicted a 
radiation sensitivity of the critical cell that was more consistent with 
stromal cells than progenitor cells.  Recent literature supports this 
possibility, demonstrating that bone marrow proliferation is dependent 
on the viability of osteoblasts in the bone marrow niche. 
Smirnova‘s models include lymphopenia, thrombocytopenia, and 
neutropenia associated with chronic radiation exposures and can be 
readily adapted for acute exposures.  At least three populations of cells 
are considered: the dividing bone marrow precursor cells; a non-
dividing, maturing cell in the bone marrow; and mature cells in 
circulation.  Cells in tissue are also considered for granulocytes.  In 
addition, an inhibitory mediator (chalone) produced by all cell 
populations is modeled to simulate feedback regulation of the rate of 
reproduction of the dividing cells. Most of the rate constants are based 
on data in the literature. 
We have implemented these models and made comparisons of the 
predicted time course with experimental data.   We find that these 
mathematical models provide an excellent starting point for prediction 
of hematopoietic consequences of radiation exposure.  We are 
working to integrate these hematopoietic modules with other modules 
(e.g., for inflammation or infection) to enable pathophysiologically 
based predictions of clinical endpoints, in addition to cytopenias and 
hematopoietic death following radiation exposure. The ability to make 
casualty predictions from complex dose and dose-rate exposures will 
be useful for consequence planning. 
 
POS27-23. Localisation of stem cells critical to the regeneration of 
salivary glands after radiotherapy of head and neck cancers. Peter 
van Luijk1, S. Pringle2, J.O. Deasy,3, V.V. Moiseenko 4, H. Faber1, 
H.P. van der Laan1, J.M. Schippers5, S. Brandenburg6, J.A. 
Langendijk1, J. Wu4, R.P. Coppes2, 1: Dept. Radiation Oncology, 
University Medical Center Groningen, University of Groningen, 
Netherlands, 2: Dept. Cell Biology, University Medical Center 
Groningen, University of Groningen, Netherlands, 3: Dept. Radiation 
Oncology, Washington University School of Medicine, St Louis, 
Missouri, USA, 4: British Columbia Cancer Agency-Vancouver, 
Vancouver, British Columbia, Canada, 5: Accelerator Department, 
Paul Scherrer Institut, Villigen, Switzerland, 6: Kernfysisch Versneller 
Instituut, University of Groningen, Groningen, Netherlands 
 
Radiotherapy for head & neck cancer often results in complications 
related to parotid gland (PG) dysfunction. To reduce the risk of such 
dysfunction the mean dose to the whole PG is currently minimized. 
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However, regeneration of the PG depends on which part of the gland 
is irradiated and on the number of surviving stem cells. Therefore we 
investigated the relation between the localisation of PG stem cells and 
late PG dysfunction after irradiation. 
In human and mouse PG c-kit stem cell marker-positive cells were 
found only in ducts. More intense c-kit expression in larger ducts 
suggested that these cells are predominantly located in the major 
ducts. To test this, the rat PG was split in a central part containing the 
major ducts and the outer parts, dispersed and cultured as stem cell 
containing salispheres. Indeed significantly more spheres could be 
grown from the central than from the outer parts of the gland, 
suggestive of a higher number of more stem cells in the center of the 
PG. High-precision proton irradiation of this central part in 
vivo indeed resulted in excessive reduction of saliva production. In 
contrast minimal effects were observed after irradiating of the other 
parts of the gland. To test whether this local sensitivity is also 
observed in 36 patients treated in the British Columbia Cancer Agency 
(BCCA) saliva production 1 year after radiotherapy was related to 
dose to specific sub-volumes of the PG. Excitingly, dose to the cranio-
ventral extension of the gland containing the major ducts was most 
predictive of saliva production. In addition, we investigated if this part 
of the gland can be spared during radiotherapy and found that ~50% 
dose reduction can be achieved without increasing the mean dose to 
the whole PG or other critical structures in the head and neck region, 
and without compromising adequate target coverage. Based on the 
analysis of the BCCA cohort this is expected to prevent parotid gland 
dysfunction in all 36 patients. 
In conclusion, the response of the parotid gland to radiation critically 
depends on the dose to its stem cells, located in the major ducts. These 
can easily be spared with current treatment modalities, expected to 
significantly reduce complications in radiotherapy for head and neck 
cancer. 
 
POS27-24. Necropsy Findings in C57Bl/6 Mice Exposed to the 
LD80/30 Dose of Ionizing Radiation: Further Characterization of 
a Murine Model of the Hematopoietic Syndrome of the Acute 
Radiation Syndrome. Paul Plett1, C.H. Sampson1, H.L. Chua1, M. 
Joshi1, C. Booth2, T.J. MacVittie3, C.M. Orschell1, 1: Indiana 
University School of Medicine, USA, 2: Epistem, UK, 3: University 
of Maryland-School of Medicine, USA 
 
In response to the threat of radiation exposure from terrorist acts and 
nuclear disasters, our laboratory has developed a murine model of the 
Hematopoietic Syndrome of the Acute Radiation Syndrome (HS-
ARS) for testing potential radiomitigators. Herein we report necropsy 
results of select tissues from mice exposed to the LD80/30 dose of 
radiation (810cGy; 137Cs, 62cGy/min, n=12 mice/time point) on days 
3, 8 and 17 post-exposure, or from moribund mice sacrificed between 
days 10-23. Husbandry included acidified water, filter-top caging, and 
no antibiotics. Histology of small intestines at all time points showed 
no gross abnormalities, inflammation, ulceration, or bleeding, 
although villi blunting and modest crypt loss was evident. Crypt 
regeneration was observed relative to non-irradiated controls. These 
findings are consistent with modest GI damage within the LD80/30 
range of HS-ARS. Histology of the thymus and bone marrow (BM) on 
d3 revealed classical effects of whole body irradiation: thymic 
atrophy, absence of cells in the cortex, and marked BM 
hypocellularity. Few myeloid cells were present in the BM, and 
sinusoids were dilated with red cells. Foci of myeloid cells appeared 
in the BM by d8 and 17, sinusoidal congestion diminished, and 
adipocytes became numerous. On d8, the spleen showed small 
germinal centers with indistinct mantle zones, which became 
prominent with discernible mantle zones by d17, along with foci of 
extramedullary hematopoiesis. Considerable interanimal variability in 
the number of hematopoietic foci in spleen and BM was noted. 
Seminiferous tubular degeneration was observed in 92% of males on 
d8 and d17. Finally, microbiological analyses revealed that septicemia 
was common in moribund animals. The percentage of septic mice was 
0% on d8, 42% on d17, and 96% among moribund mice. The 
percentage of mice that tested positive for bacteria in any tissue was: 
50% on d8, 83% on d17, and 100% among moribund 
mice. Klebsiella oxytoca was the most prominent organism isolated, 
followed by Enterococcus faecalis. These results characterize the 
differential effects of lethal radiation on various organ systems and 
illustrate a clear association of microbial presence and moribund 
status of irradiated mice, supporting the notion that neutropenia and 
infection are among the leading causes of mortality in HS-ARS. 
 
POS27-25. Molecular and Histopathological Changes in Mouse 
Intestinal Tissue Following Whole-Body Proton- or Gamma-
Irradiation. Ashley Purgason1, L. Mangala2, Y. Zhang3, S. Hamilton4, 
H. Wu5, 1: UTMB/NASA, USA, 2: UHCL/NASA, USA, 3: 
Wyle/NASA, USA, 4: UT-MD Anderson Cancer Center, USA, 5: 
NASA, USA 
 
Crew members face potential consequences following exposure to the 
space radiation environment including acute radiation syndrome, 
damage to radio-sensitive tissues, and cancer. The space radiation 
environment is ample with protons. Knowledge is limited, however, 
regarding their effects on mammalian systems. For this research, 
BALB/C mice underwent whole-body exposure to 250 MeV of 
protons at doses of 0, 0.1, 1, and 2 Gy and the gastrointestinal (GI) 
tract of each animal was dissected four hours post-irradiation. 
Standard H&E staining methods to screen for morphologic changes in 
the tissue showed an increase in apoptotic lesions for even the lowest 
dose of 0.1 Gy, and the percentage of apoptotic cells increased with 
increasing dose. Results of gene expression changes showed 
consistent up- or down- regulation of a number of genes across 
exposure doses that may play a role in proton-induced apoptosis 
including Bok/Casp1 after 0.1 Gy and Tsc22d3 after 2 Gy. A separate 
study in C57BL/6 mice using the same four hour time point but 
whole-body gamma-irradiation showed damage to the small intestine 
with lesions appearing at the smallest dose of 0.05 Gy and increasing 
with increasing absorbed dose. Quantifications of lesions in the 
duodenum of the small intestine were compared between the two 
types of radiation and the two strains of mice. Expressions of genes 
associated with oxidative stress processes were analyzed at several 
time points after exposure to gamma rays. We saw a much greater 
number of genes with significant up- or down-regulation twenty-four 
hours post-exposure as compared to the four hour time point. At both 
four hours and twenty-four hours post-exposure, Duox1 and Mpo 
underwent up-regulation for one or both of the higher doses of 
irradiation, 6 Gy and 6.05 Gy. Both protons and gamma rays lead to 
significant variation in gene expressions and these changes may 
provide insight into the mechanism of injury seen in the GI tract 
following radiation exposure. Astronauts experiencing exposure to 
protons may face biological consequences that will impact a mission‘s 
success. We will continue this work by quantifying and comparing 
damage due to protons and gamma rays in the small intestine in a 
time-dependent manner. 
 
POS27-26. In vivo astatine-211 exposure reveals distinct absorbed 
dose-dependent gene expression profiles in mouse thyroid tissue. 
Nils Rudqvist1, T. Parris2, E. Schüler1, K. Helou2, E. Forssell-
Aronsson1, 1: Departments of Radiation Physics, Institute of Clinical 
Sciences, Sahlgrenska Cancer Center, Sahlgrenska Academy, 
University of Gothenburg, Sahlgrenska University Hospital, Sweden 
2: Departments of Oncology, Institute of Clinical Sciences, 
Sahlgrenska Cancer Center, Sahlgrenska Academy, University of 
Gothenburg, Sahlgrenska University Hospital, Sweden 
 
The alpha particle emitting At-211 has almost optimal LET for 
creating DNA double strand breaks, and is thus proposed for 
radionuclide therapy. Free At-211 is, similar to iodide, accumulated in 
the thyroid gland. Understanding of basal radiation-induced changes 
of biological processes in the thyroid is to a high degree unknown and 
would be most valuable. 
Female BALB/c nude mice were i.v. injected with 0.064-42 kBq of 
At-211, giving an absorbed dose to the thyroid of 0.05-32 Gy. Total 
RNA was extracted from pooled thyroids that were removed 24 hours 
after injection and processed in triplicate using Illumina MouseRef-8 
Whole-Genome Expression Beadchips. Nexus Expression 2.0 was 
used for data analysis. 
Analysis of At-211 irradiated thyroid tissue revealed distinct gene 
expression profiles compared to non-irradiated controls. The 
transcriptional signature displayed a higher number of differently 
expressed genes at low absorbed doses (0.05 and 0.5 Gy) compared 
with intermediate (1.4 Gy) and high absorbed doses (11 and 32 Gy). 
Down-regulation was more common at low absorbed doses compared 
to higher absorbed doses. Furthermore, the amount of dose-specific 
genes increased with decreased absorbed dose. The difference in 
number of affected genes between low and intermediate absorbed 
doses might be the result of increasing heterogeneous irradiation with 
decreasing absorbed dose below 1.4 Gy, indicating the presence of a 
bystander effect. Among the genes differently expressed in all groups, 
1.4 Gy often had an opposite regulation as compared to the other 
absorbed doses. Seven main topics were found to represent changes in 
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biological processes: 1) cellular processes, 2) immune response, 3) 
metabolic processes, 4) transport, 5) response to stimuli, 6) system 
processes, and 7) developmental processes. Only 0.05 and 11 Gy had 
any impact on the immune system and no inflammatory effects were 
seen in any group. Absorbed doses of 0.5, 1.4 and 11 Gy affected the 
cellular response to stimuli, where 1.4 Gy had an impact on processes 
related to response to outer stress. Also, 1.4 and 11 Gy demonstrated 
effects on processes connected to cell cycle regulation and 
proliferation. 
In conclusion, these results indicate that the cellular response to 
ionizing radiation is complex and differs with absorbed doses. 
 
POS27-27. The acute effects of proton and gamma radiation on 
peripheral blood cell counts in ferrets. Jenine K. Sanzari1, G. 
Krigsfeld1, D.S. Gridley2, A.R. Kennedy1, 1: University of 
Pennsylvania School of Medicine, USA, 2: Loma Linda University, 
USA 
 
At the Center of Acute Radiation Research (CARR), the ferret model 
is currently used to assess the emetic potential in response to ionizing 
radiation using doses and dose-rates expected during a solar particle 
event (SPE).  A separate area of the CARR investigates the effects of 
SPE-like radiation on hematopoietic cells. Complete blood cell counts 
were analyzed in ferrets exposed to proton or gamma radiation at 
doses of 0.75 Gy, 1.0 Gy and 2.0 Gy delivered at either a high dose 
rate (HDR) of 0.5 Gy/min or a low dose rate (LDR) of 0.5 Gy/h. 
Blood cell counts were obtained prior to radiation exposure, and 4 
hours and 48 hours post-radiation exposure. The most significant 
results were observed in the white blood cell (WBC), lymphocyte, and 
neutrophil counts. Results indicate a dose-dependent decrease in WBC 
and lymphocyte counts from exposure to either proton or gamma 
radiation. A dose-rate effect was also observed in the WBC and 
lymphocyte counts, with the HDR resulting in lower counts than the 
LDR. In regards to neutrophil counts, there was no dose-dependent 
correlation observed, however a dose-rate effect was observed. From 
these data, relative biological effectiveness values were determined. In 
conclusion, SPE-like radiation induces significant changes in 
peripheral cell counts in the ferret model. 
 
POS27-28. PPAR-mediated modulation of radiation-induced 
inflammatory responses in microglia. Caroline Schnegg, M. 
Kooshki, M. Robbins, Wake Forest University, USA 
 
Approximately 200,000 patients a year receive partial or fractionated 
whole-brain irradiation (fWBI) for the treatment of brain 
tumors.  Radiation-induced cognitive impairment, which can progress 
to dementia, will occur in up to 50% of these patients.  Although the 
exact mechanisms underlying radiation-induced late effects remain 
unclear, microglia, key mediators of neuroinflammation, are 
hypothesized to play a critical role.  Peroxisomal proliferator-activated 
receptor (PPAR)δ is a potent mediator of anti-inflammatory 
responses.  Thus, we hypothesize that PPARd activation will modulate 
radiation-induced inflammatory responses in microglia.  Irradiating 
murine BV-2 microglial cells with a single dose of 10 Gy of 137Cs g 
rays led to increased i) ROS generation, ii) Cox-2, MCP-1, and iNOS 
protein, iii) IL-1β and TNF-α mRNA, and iv) NF-κB activation.  Prior 
incubation with the PPARδ agonist, L165041, prevented these 
radiation-induced changes.  In contrast, incubating BV-2 cells with 
L165041 and GSK0660, a PPARδ antagonist, failed to prevent the 
radiation-induced increase in inflammatory mediators.  Furthermore, 
overexpression of PPARδ prevented the radiation-induced increase in 
Cox-2 expression, while shRNA knockdown of PPARδ led to an 
increase in radiation-induced Cox-2 and MCP-1 expression. 
PPARδ may modulate radiation-induced inflammatory mediators, in 
part, by decreasing activation of MEK1/2 and ERK.  Pre-incubating 
BV-2 cells with L165041 reduced the radiation-induced activation of 
MEK1/2 and ERK.  Moreover, pretreating BV-2 cells with the 
MEK1/2 inhibitors, U0126 or PD98059, prevented the radiation-
induced increase in Cox-2, MCP-1, TNF-α, and IL-1β. 
We have started to assess the anti-inflammatory actions of PPARδ in 
vivo.  Following a single dose of 10 Gy 137Cs g WBI, young adult 
C57Bl/6 mice exhibited a significant increase in the number of 
activated microglia (CD68+ cells) in the dentate gyrus region of the 
hippocampus one week post-WBI.  Administration of the PPARδ 
agonist, GW0742 (200 ppm), prior to, during, and after WBI 
prevented this increase.  These data support the hypothesis that 
PPARδ can modulate radiation-induced microglial activation, and 
may be a therapeutic target to prevent fWBI-induced brain injury, 
thereby improving patients‘ quality of life.  (Supported by CA112593) 
 
POS27-29. The role of endoglin in radiation induced cardiac 
toxicity. Ingar Seemann, S. Hoving, S. Luikinga, H. te Poele, N. 
Visser, F. Stewart, the Netherlands Cancer Institute, Netherlands 
 
Background: It is now widely recognized that radiotherapy of thoracic 
and chest wall tumors increases the long-term risk of cardiovascular 
damage, but the underlying mechanisms remain unclear. Endoglin, an 
accessory receptor for TGFβ, is highly expressed in damaged 
endothelial cells and may play a crucial role in cell proliferation and 
revascularization of damaged heart tissue. In this study we will focus 
of the role of endoglin in development and recovery from radiation-
induced cardiotoxicity. 
Methods: Eng+/- mice or Eng +/+ littermates received single dose of 0 
or 16 Gy to the heart and were evaluated after 4, 20 or 40 weeks. 
Cardiac geometry and function was determined by 99mTc-HSA gated 
SPECT/CT to assess ejection fraction (EF), end systolic volume 
(ESV) and end diastolic volume (EDV). Changes in cardiac function 
were related to histomorphology and microvascular damage, as well 
as to changes in TGFß/endoglin signaling and downstream targets. 
Results: Irradiation to the heart resulted in significant decreases in 
EDV and ESV at 20 weeks in Eng+/- mice, whereas these changes 
normalized at 40 weeks. (There were no significant changes in Eng+/+ 
mice). Histology analysis implies late endothelial changes with 20% 
reduction in microvascular density (MVD) at 40 weeks after 16 Gy in 
both Eng+/- mice and Eng +/+ littermates. Remaining vessels were 
functionally compromised, as evidenced by decreased alkaline 
phosphatase (ALP) and increased von Willebrand factor (vWF). There 
was also an inflammatory response (CD45-positive cells and iron 
containing macrophages) in the epicard at 20 to 40 weeks after 
irradiation in both strains. Gene expression analyses of 
TGFß/endoglin signaling and downstream targets are ongoing. 
Discussion: Results demonstrate persistent radiation-induced 
endothelial damage, with decrease in microvasculature and increase in 
pro-thrombotic and inflammation markers in both Eng+/- mice and 
Eng +/+ littermates. Decreased cardiac function was only seen in 
Eng+/- mice at 20 weeks after irradiation, with return to control levels 
at 40 weeks. These results imply that the heart is able to compensate 
for a significant amount of microvascular damage. So far, no major 
role has been identified for endoglin in these processes. 
 
POS27-30. Effects of radiation on the epidermal growth factor 
receptor pathway in the heart. Vijayalakshmi Sridharan, S. Sharma, 
E.G. Moros, P.M. Corry, M. Hauer-Jensen, M. Boerma, UAMS, USA 
 
Background: Radiation-induced heart disease is a potentially severe 
side effect of radiotherapy of the thoracic region. Mechanisms by 
which radiation causes heart disease, or interacts with the effects of 
certain cardiotoxic chemotherapies, are largely unknown. The anti-
HER2 cancer drug Trastuzumab (Herceptin) is targeted against the 
ErbB2 receptor of the epidermal growth factor receptor (EGF) 
signaling pathway. This pathway is essential in maintaining the 
phenotype and survival of adult cardiomyocytes.  Herceptin has 
shown to cause cardiac dysfunction, demonstrating the importance of 
understanding the EGF receptor signaling pathway in the adult heart. 
To test whether thoracic radiotherapy may interfere with the 
cardiotoxic effects of Herceptin, the present study investigates the 
effects of localized irradiation on the EGF receptor signaling pathway 
in the heart. 
Methods: Male Sprague-Dawley rats received localized X-ray 
irradiation to the heart at a dose of 21 Gy with a novel image-guided 
method for small animals. At different time points (2h, 6h, 24h and 4 
days) after irradiation, heart and lung damage was assessed with 
immunohistochemistry for gammaH2AX and nitrotyrosine. Left 
ventricular gene expression of the members of the EGF receptor 
signaling pathway ErbB1, ErbB2, ErbB3, ErbB4, EGF and 
Neuregulin-1 were studied by quantitative real-time PCR. 
Results: The novel method of localized heart irradiation was validated 
by an even distribution of gammaH2AX foci and nitrotyrosine in the 
hearts, but not in the lungs, of irradiated rats. Localized heart 
irradiation caused a decreased expression of ErbB2, ErbB4 and EGF 
mRNA. Expression of Neuregulin-1, an endothelial-derived ligand of 
the ErbB4 receptor with cardioprotective properties, was reduced to 
undetectable levels after irradiation. 
Conclusions: These studies suggest that the EGF receptor (ErbB) 
signaling pathway may be involved in cardiac injury caused by 
radiation. Additional studies are required to examine how 
radiotherapy may alter the cardiotoxic effects of the anti-ErbB2 cancer 




POS27-31. Prenatal radiation-induced brain damage related to 
memory impairment. Nobuhiko Takai1, R. Hirayama2, Y. 
Matsumoto2, A. Uzawa2, Y. Ohba2, S. Nakamura1, Y. Furusawa2, 1: 
Nagasaki International University, Japan, 2: National Institute of 
Radiological Sciences, Japan 
 
The immature brain in the central nervous system is sensitive to 
ionizing radiation, and develops, at a later adult stage, disorders 
including mental retardation, attention deficit-hyperactivity disorder 
and cognitive dysfunction.  The relationship between an impairment 
of spatial cognition and a merge of ectopic neurons in the dorsal 
hippocampus was investigated in adult rats that were prenatally 
exposed to X-ray irradiation. Adult rats receiving 1.5 Gy X-rays at 
embryonic day 15 (E15) showed significant learning disability in the 
water-maze task. According to the mean value of the swimming time, 
we categorized the irradiated adult rats into the following three 
groups: slightly damaged group, mildly damaged group and severely 
damaged group, but no significant difference in the brain weight was 
found between the three categorized groups. Ectopic neurons 
appearing at abnormal places were prominently observed in the dorsal 
hippocampus of the severely damaged group with a remarkable 
learning disturbance. Furthermore, to test whether the morphological 
deficiency of hippocampus in the severely damaged group affects 
hippocampal function, we examined neural activity in hippocampal 
slices prepared from prenatal exposure to X-rays in rats. The spatial 
pattern of neural activity toward and through CA1 of the severely 
damaged group was similar to that of the control rat, the response was 
distinctly weaker, producing less voltage spread and amplitude. These 
finding suggest that the cognitive dysfunction induced by prenatal 
exposure to X-ray irradiation may be attributable to ectopic neurons of 
the hippocampus and the reduction of hippocampal neural activity. 
 
POS27-32. Characterization of damage to cardiac endothelial cells 
induced both in vitro or in vivo by ionizing radiation. Anna 
Walaszczyk1, K. Jelonek1, D. Gabrys1, M. Pietrowska1, C. Kanthou2, 
P. Widlak1, 1: Maria Sklodowska-Curie Memorial Cancer Center and 
Institute of Oncology, Gliwice, Poland, 2: Cancer Research UK 
Tumour Microcirculation Group, University of Sheffield, UK 
 
Introduction: Cardiovascular disease associated with radiotherapy is 
an important clinical problem. However, only few radiobiological 
models relevant for assessment of cardiotoxic effects of ionizing 
radiation are available at the moment. Here we described isolation 
from mouse primary cardiac endothelial cells, possible target for 
cardiotoxic effects of radiation, and tested them using different 
radiosensitivity assays.  
Materials and methods: Cells were isolated from hearts of adult 
animals (8-weeks-old), both control and irradiated with a 2 or 8 Gy 
doses, at different times after irradiation (up to 60 weeks). In addition, 
cells isolated from hearts of juvenile mice were cultured and 
irradiated in vitro. 
Results: A dose-dependent formation of histone gammaH2A.X foci 
was observed after in vitro irradiation of cultured cells. However, such 
cells were resistant to radiation-induced apoptosis. A high dose of 16 
Gy did not increase permeability of monolayers formed by endothelial 
cells. However, increased levels of actin stress fibres were observed in 
the cytoplasm of cardiac endothelial cells either irradiated in vitro or 
isolated from irradiated animals (up to 20 weeks after irradiation). Up-
regulated expression of Vcam1 and Sele genes was detected after 8 Gy 
irradiation in vitro and in cells isolated few days after irradiation in 
vivo. In addition, elevated  expression of Hsp70i gene was observed as 
a long-term effect of radiation (up to 40 weeks after the in 
vivo treatment). 
Conclusions: Radiation-related changes observed in isolated cardiac 
endothelial cells several weeks after irradiation, i.e. increased levels of 
actin stress fibres and elevated expression of Hsp70i gene, might be 
relevant for cardiotoxic effects of ionizing radiation. 
 
POS27-33. Endothelial cell loss initiates the development of early 
pulmonary radiation-induced vascular remodeling. S.J. van der 
Veen1,2, G. Ghobadi1,2, G. Bosman1,2, H. Faber1,2, J. Langendijk2, R. 
Coppes1,2, P. van Luijk2, 1: Department of Cell Biology, Section of 
Radiation and Stress Cell Biology, University Medical Center 
Groningen, University of Groningen, Netherlands, 2: Department of 
Radiation Oncology, University Medical Center Groningen, 
University of Groningen, Groningen, Netherlands 
 
Introduction: The radiation dose that can be delivered to thoracic 
tumors is limited by the risk of radiation pneumonitis (RP). Recently 
in rats we found that early radiation-induced loss of pulmonary 
function, peaking at 8 weeks post-irradiation, coincides with radiation-
induced vascular remodeling, pulmonary hypertension (PH) and right 
ventricle hypertrophy. Interestingly, vascular damage was found to be 
present not only in irradiated but also in shielded lung tissue. In PH 
models vascular remodeling is thought to be initiated from endothelial 
cell (EC) loss. Therefore, also in lung irradiation ECs may be the main 
target leading to radiation-induced vascular 
changes.Purpose: Investigate the possible initiative role of EC loss and 
the effect of irradiated dose and volume on the development of 
radiation-induced vascular remodeling.Methods: To induce different 
levels of vascular damage, 100%, 75% or 50% rat lungs were 
irradiated to 12, 17 and 20 Gy respectively using high-precision 
protons. Verhoeff‘s elastica stain, rat specific HIS52 and TUNEL 
staining were used to assess pulmonary vascular remodeling, ECs loss 
and apoptosis respectively in lung tissue samples of irradiated and 
shielded lung tissue before and at the peak of early lung 
dysfunction.Results: Already 8 hours post-irradiation apoptosis of ECs 
was observed in the irradiated lung tissue. 2 weeks post-irradiation, 
EC loss was observed both in irradiated and shielded tissue for all 
irradiated volumes.At 8 weeks after irradiation, the peak of early lung 
dysfunction, different features of vascular remodeling such as 
muscularization of the media layer, thickening of the adventitia and 
neointima formation were observed in irradiated and shielded tissue, 
increasing with irradiated volume. This in- and out-of-field response 
indicates a global pulmonary vascular response rather than a response 
confined only to the area where the radiation dose is 
deposited.Conclusion: Early radiation-induced pulmonary function 
loss is determined by irradiated-volume dependent global pulmonary 
vascular remodeling which seems to be initiated by acute EC loss. As 
such, repairing endothelial cell injury with stem- or progenitor cells 
may be a promising strategy to reduce the pulmonary complications 
induced by radiotherapy to the thoracic area. 
 
POS27-34. Recombinant thrombomodulin (solulin) ameliorates 
early radiation enteropathy. Junru Wang1, A. Kulkarni1, S. Garg1, 
K. Petersen2, P. G. Biju1, M. Hauer-Jensen3, 1: University of Arkansas 
for Medical Sciences, USA, 2: PAION Deutschland GmbH, 52062 
Aachen, Germany, 3: University of Arkansas for Medical Sciences, 
Central Arkansas Veterans Healthcare System, USA 
 
Background:  Thrombomodulin (TM) is an endothelial cell surface 
glycoprotein that plays a pivotal role in the regulation of coagulation 
and inflammation. We have previously shown, both in clinical and in 
pre-clinical studies, that localized irradiation downregulates 
endothelial TM in intestinal microvessels in a time- and dose-
dependent manner. The present study was performed to examine 
whether recombinant, soluble TM (solulin) would attenuate early 
radiation-induced intestinal injury in a rat model of radiation 
enteropathy. 
Methods: Male rats underwent fractionated X-irradiation (5Gy x 9) of 
a 4-cm loop of small bowel. The animals were randomly assigned to 
receive daily subcutaneous injections of vehicle or solulin 
(3mg/kg/day or 10mg/kg/day) for 27 days (from 4 days before, 9 days 
during, until 14 days after irradiation). Intestinal radiation injury was 
assessed 2 weeks after irradiation by quantitative histology, 
morphometry, and immunohistochemistry. Myeloperoxidase (MPO) 
activity was assessed using luminol bioluminescence imaging. 
Results:Solulin administration ameliorated radiation injury score, 
reduced MPO activity, attenuated deposition of collagen I, attenuated 
intestinal serosal thickening, and reduced TGF-b immunoreactivity. 
On the other hand, solulin did not affect intestinal mucosal surface 
area, total intestinal wall thickness, or proliferating cell nuclear 
antigen (PCNA) immunoreactivity. 
Conclusions:  Solulin appears to ameliorate the early intestinal 
radiation response and should be explored as a target for prophylactic 
and/or therapeutic intervention. Further studies are needed to 
determine whether solulin also protects against delayed radiation 
enteropathy. 
 
POS27-35. Radiation impairs IGF-1 signaling and cartilage 
formation from chondrocytes. Jeffrey Willey, D.L. Long, R.F. 
Loeser, Wake Forest School of Medicine, USA 
 
The effects of therapeutic radiation on articular (joint) cartilage are 
poorly understood. The late joint deterioration at sites absorbing dose 
during cancer treatment suggests radiation can negatively affect 
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cartilage. New evidence indicates an early loss of compressive 
stiffness of cartilage after exposure. IGF-1 is an important growth 
factor for articular cartilage matrix production, stimulating 
proteoglycan (PG) and collagen synthesis through activation of the 
PI3-kinase-Akt pathway. We examined the effects of a 10 Gy single 
dose (137) Cs gamma-rays on cartilage degradation, PG synthesis, and 
IGF-1 signaling in articular chondrocytes and explants using tissue 
harvested from distal femoral condyles of 6-month old pigs. 
Chondrocytes were isolated from digested cartilage. Confluent 
cultures were irradiated, then stimulated with IGF-1 after 1 hour. Akt 
phosphorylation was measured by immunoblotting at 1 hour and 1 day 
after IGF-1 stimulation. Proteoglycan synthesis via S35 uptake was 
quantified from cells 24 hours after IGF-stimulation. Whole cartilage 
explants were also cultured. Proteoglycan content of explants was 
quantified at 4 days post-exposure using a DMB assay. Likewise, PG 
content was determined from conditioned media of explants at day 2 
and 4 after exposure. Immunoblotting of media measured matrix 
degrading enzymes MMP-3 and ADAMTS5 produced from cells and 
explants at day 1. Cell viability was unchanged after irradiation. 
Radiation stimulated increased MMP-3 and ADAMTS5 (day 1) as 
well as PG release (day 2) into conditioned media, suggesting early 
degradation of cartilage. Irradiation also reduced PG content in 
explants day 4. IGF-1 stimulation increased Akt phosphorylation at 
Thr 308 and Ser 473 and increased PG synthesis by control 
chondrocytes, whereas radiation inhibited both IGF-induced Akt 
activation and PG synthesis. Radiation appears to impair normal IGF-
1 signaling in porcine chondrocytes: exposure reduced an IGF-1-
mediated increase in Akt phosphorylation and PG synthesis. Early loss 
of cartilage matrix coupled with lower matrix production could 
decrease compressive strength. Radiation may ultimately cause a 
functional decline of cartilage health in joints after exposure, perhaps 
contributing to debilitating skeletal deficiencies observed at joints 
after treatment. 
 
POS27-36. Combination therapy approach to mitigating lung 
effects following a terrorism event. Jacky Williams1, R. Hill2, C. 
Haston3, C. Johnston1, J. Miller11, B. Stroyer1, C. Zimmermann1, C. 
Reed1, E. Hernady1, J.N. Finkelstein1, 1: University of Rochester 
Medical Center, USA, 2: University of Toronto, Canada, 3: McGill 
University, Canada 
 
Easily distributed countermeasures are urgently required for use 
following a mass nuclear event. However, survivors of the acute 
radiation syndrome have been shown to be susceptible to late 
morbidities that occur as part of a multi-organ dysfunction syndrome. 
Therefore, the late effects seen in such organs as the lung in the 
context of TBI are of increasing concern. Although the clinical 
progression to lung late effects is well recognized, the complex nature 
of the pathways leading to their development, which includes cellular, 
molecular and temporal components, has led to our group‘s contention 
that no single agent or strategy is likely to be an effective measure 
against these potentially lethal endpoints. We have developed a 
system to assess combinations of agents for countermeasure use; such 
mitigating strategies also may be beneficial in the clinical context. 
Using a systematic experimental system to test agents, involving an 
appropriate ―2-strain‖ murine model with a TBI + lung irradiation 
schedule, we have assessed therapies that include broad-based anti-
inflammatory agents (lovastatin/simvastatin) in combination with a 
number of complementary agents, captopril (an ACE inhibitor) and 
EUK-207 (a SOD-catalase mimetic); all agents were assessed using 
both acute and chronic regimens. 
Currently, both captopril and EUK-270 appear to hold significant 
promise since, whether administered acutely or chronically, these 
agents improve survival, which is further enhanced when given in 
combination with simvastatin, although there is a differential strain 
effect. Survival in all cases was associated with a reduction in 
infiltrating inflammatory cells (as determined by image analysis) and 
downregulation of proinflammatory cytokines (e.g. IL-1ß, MCP-1). 
These findings may have profound implications on the treatment of 
victims following a likely accident or terrorism event and potential 
mechanisms are currently being pursued. 
Supported by U19 AI-091036-1 and RC1 AI081244-01 
 
POS27-37. Thoracic Stereotactic Body Radiation Therapy: a 
Mouse Model. Jeffrey Wu1, K.S. Iwamoto1, P.P. Lee1, M. Xie1, S.E. 
Tenn1, C.K. Lai2, M.C. Fishbein2, W. McBride1, 1: UCLA Radiation 
Oncology, USA, 2: UCLA Pathology, USA 
 
Stereotactic body radiation therapy (SBRT) is a highly successful 
technique for the treatment of lung tumors.  One clinical concern is 
the exquisite sensitivity of normal lung parenchyma to radiation 
injury. However, lung injury due to SBRT has been difficult to study 
due to a lack of a model system to irradiate small lung volumes.We 
developed a model SBRT (mSBRT) technique to deliver high-dose, 
small volume, single-fraction radiation with sharp dose gradients 
between irradiated and non-irradiated tissue in the mouse lung.Dose 
measurements were made within a phantom as well as dissected 
mouse thoracic cavities. Pneumonitis-prone (C3H) mice were 
irradiated using 3 mm or 5 mm collimation with doses of 20, 40, or 80 
Gy to the right lung parenchyma. Animals were sacrificed at selected 
time-points post-irradiation, and lungs were dissected and examined 
histopathologically.The 3 mm collimator delivered a median dose rate 
of 137 cGy/min to a region measuring a median full width half 
maximum of 2.96 mm, with a median 80-20 penumbra width of 0.37 
mm. Distant scatter was 4% and non-target scatter within 3 mm of the 
beam edge was less than 11% of the target dose. The 5 mm collimator 
delivered a median dose rate of 143 cGy/min to a region measuring a 
median full width half maximum of 5.82 mm, with a median 80-20 
penumbra width of 0.65 mm. Distant scatter was 8% and non-target 
scatter within 3 mm of the beam edge was less than 16% of the target 
dose. Regional histopathological changes were noted in lungs 1 year 
post-irradiation. Evidence of chronic inflammation, including alveolar 
septal thickening, fibrosis, interstitial pneumonitis and presence of 
hemosiderin-ladin intra-alveolar macrophages was demonstrated 
regardless of dose level that correlated with collimator size. 
Pulmonary tissue outside the region of radiation did not show such 
abnormalities.An easily reproducible in vivo system was designed to 
model SBRT for mouse lung parenchyma. The dose profiles were felt 
to mimic SBRT based on small volume and high dose irradiation, 
sharp penumbra, and minimal scatter to non-target tissue. 
Histopathologic findings confirm localized radiation injury 
correlating  with the focal areas receiving mSBRT. The mouse model 
appears viable for future studies on normal tissue recovery, pulmonary 
immune response, and possible mitigators of lung radiation injury to 
SBRT. 
 
POS27-38. REDD1 Protects Bone Marrow Osteoblasts from 
Gamma-Radiation-Induced Premature Senescence. Mang Xiao, 
X.H. Li, , C.T. Ha, N. Latif, E.D. Lombardini, D. Fu, Armed Forces 
Radiobiology Research Institute, USA 
 
Senescence or biological aging is a consequence of the accumulation 
of unrepaired DNA damage. Exposure to ionizing radiation (IR) 
causes oxidative stress, DNA damage, inflammation, cellular 
apoptosis and senescence. In the present study, we evaluated the 
features of human hematopoietic stem and progenitor cells (HSPC) 
and bone marrow microenvironment (hematopoietic niche) osteoblast 
cells in response to IR. We found that γ-radiation (up to 8 Gy) induced 
premature senescence (PS) in human fetal osteoblast cell line (hFOB) 
cells, whereas it caused massive apoptotic cell death in primary 
human HSPC CD34+ cells after 2 Gy, suggesting that the osteoblast 
cells are relatively radiation-resistant.  The PS in irradiated hFOB 
cells were characterized by significant inhibition of clonogenicity 
from 450 ± 30 (0 Gy) to 90 ± 5 (4 Gy) and 5 ± 6 after 8 Gy irradiation, 
activation of senescence biomarker SA-β-gal 72 h after 8 Gy, and the 
senescence-associated cytokine secretory phenotype (SASP) as shown 
by secretion of interleukin (IL)-6, IL-8, granulocyte-colony 
stimulating factor (G-CSF) and granulocyte macrophage-colony 
stimulating factor (GM-CSF) into hFOB cell conditioned medium 
(CM) after 4 or 8 Gy irradiation. We further demonstrated that stress 
response gene REDD1 (regulated in development and DNA damage 
responses 1) was highly expressed in mouse BM osteoblasts and 
human hFOB cells but not in human CD34+ cells after γ-irradiation. 
Interestingly, differentiated hematopoietic cells from 14-day cultured 
CD34+ cells showed radiation resistance and increased endogenous 
REDD1 expression. Knockdown of REDD1with siRNA decreased 
hFOB cell numbers from 1.7 ± 0.2 x 106 (control-siRNA) to 1 ± 0.08 x 
106 (REDD1-siRNA) (p<0.05) with enhanced IL-6 levels in CM 
regardless of radiation. In contrast, overexpression of REDD1 
significantly suppressed IL-6 and IL-8 secretion and reduced SA-β-
gal-positive senescent cells from 62 ± 11% to 35 ± 7% in 8 Gy 
irradiated cells (p<0.01).  Moreover, immunoblotting results showed 
that over-expression of REDD1 in hFOB cells suppressed two 
senescence regulators, mammalian target of rapamycin (mTOR) and 
cyclin-dependent kinase inhibitor p21 expression and activation, 
suggesting the host defense effects of REDD1 in irradiated hFOB 
cells. In conclusion, our study demonstrated that REDD1 is a 
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POS28-01. Effect of Distance between Decaying Iodine-125 Atom 
and DNA on Auger-Electron Induced Double-Strand Break Yield. 
Pichumani Balagurumoorthy, K. Wang, S.J. Adelstein, A.I. Kassis, 
Harvard Medical School, USA 
 
We are interested in understanding the biophysical mechanisms 
underlying the production of double-strand breaks (DSB) by Auger 
electrons following the decay of iodine-125 (125I). Our previous work 
has shown that several factors (e.g., DNA topology, •OH scavengers) 
affect the DSB yields in plasmids exposed to 125I decays. 
To determine the possible effects of distance (125I-to-DNA helix) on 
DSB yields and assess the nature of the mechanisms by which this 
Auger electron emitter imparts biological damage, we have 
synthesized a series of 125I-labeled Hoechst (H) derivatives (125IE–
H, 125IB–H, 125I-C8–H and 
125I-C12–H). While all four molecules share 
a common DNA minor groove binding benzimidazole motif, they are 
designed to position 125I at varying distances from the DNA helix. 
Each Hoechst derivative was incubated at 4°C in PBS (pH 7.4) 
together with supercoiled (SC) 3H-pUC19 plasmid DNA (ratio 3:1) ± 
the •OH scavenger DMSO (0.2 M). Aliquots were drawn over time 
and analyzed on agarose gels. DNA-associated radioactivities (3H) 
were quantified and the DSB yields per decay of 125I atom determined. 
In the absence of DMSO, the results show that the DSB yields 
decrease monotonically as the 125I atom is distanced – a few 
Angstroms – from the DNA helix (125IEH: 0.52±0.01; 125IB–H: 
0.24±0.03; 125I-C8–H: 0.18±0.02; 
125I-C12–H: 0.10±0.00). In the 
presence of DMSO, DSB yields for 125IEH (0.49±0.02) and125IB-H 
(0.26±0.04) remain the same (i.e., DSBs are entirely produced 
by direct effects). However, no DSBs were detected when SC plasmid 
DNA was incubated under similar conditions with 125I-C8–H or 
125I-
C12–H (i.e., DSBs are entirely produced by indirect effects). These 
results suggest that at a critical distance between the 125I atom and the 
DNA helix, DSB production switches from an ―all‖ direct to an ―all‖ 
indirect mechanism, a situation that is similar to the decay of 125I 
bound to DNA vs. free in solution. These experimental findings will 
be correlated to theoretical microdosimetric calculations and 
expectations. 
 
POS28-02. Numerical models of energy deposition in microscopic 
volumes for electrons from 100eV to 10MeV. Jing Chen, Health 
Canada, Canada 
 
Integration of radiation dosimetry with microdosimetry is of great 
importance for the improvement of various dosimetry systems in 
practical radiation protection as well as clinical uses. Compared to 
linear energy transfer (LET), the microdosimetric parameter, dose 
mean lineal energy (yD), is a better parameter to characterise energy 
deposition in microscopic volumes of biological interest. However, 
dose mean lineal energy is normally determined from results of time-
consuming Monte Carlo simulations while LET can be calculated with 
simple mathematical form. This study aimed to bridge microdosimetry 
and dosimetry by making the key microdosimetric parameter 
yD readily accessible in dosimetric applications. 
Electrons play an important role in various fields of radiation because 
they are produced in large numbers during the passage of photons and 
charged particles through matter. Electrons are responsible for the 
large part of radiation damage. To determine dose mean lineal energy 
in a wide dimensional range of biological interest (0.1 – 10 μm), 
proximity functions were calculated with Monte Carlo simulations for 
electrons from 100 eV to 10 MeV. The results serve as a convenient 
database for anyone performing microdosimetric calculations in 
radiation fields of electrons. To convert the results into a user-friendly 
format, mathematical models were developed to best fit the proximity 
functions, so that dose mean lineal energies can be readily calculated 
with numerical forms similar to the computation of LET. 
 
POS28-03. Nanodosimetry of Auger electrons. Stanisław Pszona, 
A. Bantsar, The Andrzej Soltan Institute for Nuclear Studies, Poland 
 
Introduction: It is well established, that ionizing radiation induces 
radiation damages to a living tissue through initiation stages, which 
occur at the DNA levels. DNA molecules in the forms of short 
segments, nucleosomes, chromatid strings are the nanometer sized 
targets and due to this, the initiation of radiation damage is caused, 
predominantly, by single particle interactions. The modern approach 
to targetted radiotherapy of the cancer diseases is to use the 
radionuclides, emitting Auger electrons (i.e. I-125), which 
energy   spectrum below 3 keV are predominant and which is 
vectorized to the cell nucleus. An intense interactions of these short 
ranged low energy  electrons ( up to tens for a single decay)  with the 
DNA in cell nucleus create enough damages to kill a cell. 
Experiment and Results In view of theses facts, the needs for the 
adequate description of radiation action of Auger electrons on 
nanosized biological targets seems to be unquestionable. 
Experimental microdosimetry at nanometer scale for Auger electrons 
has been accomplished with a set up called JET COUNTER, JC. The 
later consists of a pulse operated valve which injects an expanding 
nitrogen jet into an interaction chamber where a gaseous sensitive 
volume of cylindrical shape is created. The cluster size spectra for the 
sensitive volumes corresponding to 2 nm and 5 nm in diameters ( in 
unit density) irradiated by electrons emitted by I-125 source were 
collected and analysed.. Afterwards the first moments of the cluster 
size distributions as well as the cumulative distribution function of 
cluster size greater than or equal to 2 were derived and compared with 
the corresponding Monte Carlo simulation. The  set of the 
new  descriptors of radiation quality describing radiation action at 
nanometre level is proposed.. 
Conclusion. The ionization cluster spectra  created by Auger electrons 
emitted by I-125 while crossing a nanometer sized volume has been 
measured. The presented paper describes for the first time the 
nanodosimetric  experiments with Auger electrons emitted by I-125 
isotope. . The  set of the new descriptors of radiation quality 
describing radiation action at nanometre level is proposed. 
 
POS29 Physical dosimetry 
 
POS29-01. Upgrade of a Bonner Sphere Spectrometer with High-
Pressure 3He counters to Measure Secondary Neutrons from 
Cosmic Radiation Close to the North Pole. Ulrich Ackermann, C. 
Pioch, V. Mares, W. Rühm, Helmholtz Zentrum München, Germany 
 
Since 2005, we run a Bonner Sphere Spectrometer at the 
environmental research station ―Schneefernerhaus‖ at the Zugspitze 
mountain, Germany, at an altitude of 2650 m. A second identical 
spectrometer is being operated since 2007 at the Koldewey Station on 
Spitsbergen, at sea level. Both spectrometers detect secondary 
neutrons from cosmic radiation by means of 3He proportional 
counters (SP90 from Centronics; diameter: 3,30 cm; gas pressure: 2 
bar). Because the count rates obtained with the current spectrometer at 
Spitsbergen is about 7 times lower than that at the 
"Schneefernerhaus", due to more effective shielding of the 
atmosphere, we have decided to use new 3He counters with higher 
pressure (10 bar) and larger diameter (5,08 cm) from LND, INC . The 
response functions of the Bonner spheres with the LND2705 detectors 
were simulated using the GEANT4 tool kit. First measurements with 
the upgraded spectrometer were performed on the „Schneefernerhaus‖ 
and reasonable agreement was found with the unfolded neutron 
spectrum compared to that measured with the conventional 
spectrometer installed there . It is concluded that the new counters can 
be used to upgrade the BSS spectrometer on Spitsbergen, which 
finally will lead to a factor of about 4 higher count rates and 
correspondingly, to improved statistics. 
  
POS29-02. A new amino acid-based material for EPR dosimetry. 
Reza Amraei1, G. Bagherzadeh 2, G. Raisali1, 1: Radiation 
Applications Research School, Iran 2: Department of Chemistry, 
School of Sciences, Birjand University, Birjand, Iran 
 
In this study, ability of synthesized 2-((4-(diethylamino)-6-methyl-5-
nitropyrimidin-2-yl) amino) propanoic acid was investigated as a new 
material for dosimetry. Powder samples of the material were irradiated 
by 60 Co gamma rays with a dose rate of 4.26 Gy/s at doses between 
0.5 to 45 kGy. Irradiated samples were analyzed with electron 
paramagnetic resonance (EPR) spectrometry. It is worthwhile to 
mention that EPR is the best technique to detect free radicals produced 
in an irradiated material. Results indicate a good linearity between the 
absorbed dose and the EPR intensity of the signals at doses between 
0.5 to 25 kGy. With the increase of the absorbed dose calibration 
curve shows a non-linearity behavior (2nd order polynomial curve). It 
is to be pointed out that all the EPR measurements were performed at 
room temperature. The results obtained hitherto indicate that this 
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material can be used as a suitable dosimeter for gamma radiation in 
the range of 0.5 to 45 kGy. 
 
POS29-03. Neutron Spectrometry and Dosimetry Study at two 
Research Nuclear Reactors Using Bonners Sphere Spectrometer 
(BSS), Rotational Spectrometer (ROSPEC) and Cylindrical 
Nested Neutron Spectrometer (NNS). Jovica Atanackovic1, S. 
Witharana2, J. Dubeau2, W. Matysiak3, I. Aslam4, 1: Atomic Energy of 
Canada Limited, Chalk River Laboratories, Canada, 2: DETEC, 
Gatineau, Canada, 3: McMaster University, Hamilton, Canada, 4: 
University of Ontario Institute of Technology, Oshawa, Canada 
  
Three different neutron spectroscopy instruments were used in order 
to assess the neutron spectral and dosimetric information at the 
McMaster Nuclear Reactor (MNR) at McMaster University, 
Hamilton, ON and National Research Universal (NRU) Reactor at the 
Atomic Energy of Canada, Chalk River Laboratories.  MNR is the 
university research reactor with nominal power of 3 MW, while NRU 
is also a research reactor with nominal power of 100 MW.  
The instruments under investigation were the traditional a BSS[1], a 
ROSPEC[2] and an NNS[3].  At the same time, this opportunity was 
used to evaluate the relative response of these instruments in 
occupational neutron radiation fields.  Three measurements were taken 
at MNR: inside beam port #3 and between beam ports #1 and #2, 
where there is a high degree of occupancy due to neutron radiography 
work.  Also, measurement was taken at the top plate of the NRU 
reactor vessel.  The dose rates measured ranged from 3 mSv down to 
several µSv per hour.  The BSS and NNS spectral unfolding was 
performed using STAY‘SL code, while ROSPEC unfolding was done 
using the built-in unfolding program.  The unfolded neutron fluence 
rates were then folded with different dose coefficients in order to 
obtain dosimetric information for the characterized fields.  The 
dosimetric and neutron fluence comparison was done for three energy 
ranges: thermal to 1eV, 1 eV to 50 keV and 50 keV to 4.5 
MeV.  Since the BSS and NNS have identical energy binning, a 
graphical comparison was done for these instruments as well.  
The BSS and NNS showed excellent agreement in each case.  Also, a 
reasonable agreement was seen between these instruments and 
ROSPEC.  In particular this was true for the nominal operational 
range of ROSPEC, which is between 50 keV and 4.5 MeV.      
[1] Bramblett, R.L., et al., Nuclear Instruments and Methods 9 (1960), 
1-12 
[2] Ing H., et al., Radiation Protection Dosimetry 70, 1-4, 273-278 
(1997) 
[3] Dubeau J., et al., Radiation Protection Dosimetry, submitted 
 
POS29-04. Average and maximum doses in thin Fricke layers 
irradiated with soft x-rays. Carlos Austerlitz, D. Campos, East 
Carolina University, USA 
 
Purpose: To determine the relationship between maximum and 
average doses in thin Fricke layers irradiated with soft x-
rays. Methods:  The MC code PENELOPE was used to modeling a 
Fricke solution pillbox-like volume 0.30 cm thick and 1.5 cm diameter 
embedded in the center and flushing the surface of a 0.50-cm thick, 
1125 cm3 solid water thank filled with water. The pillbox was covered 
with a 0.0030 cm thick polystyrene film and the reference point for 
the absorbed dose calculations was its geometric center for all the 
simulations performed at a source-detector distance of 30.0 cm using 
the PTB (Physikalisch-Technische Bundesanstalt-Germany courtesy: 
R. Kramer) calibration therapy TW30 kV, TW50 kV TW 70kV and 
TW100 kV spectra. The same procedure was followed with pillbox 
thickness varying from 0.0010 to 0.40 cm.  For each x-ray quality, the 
average energy per unit mass (average dose) in the pillboxes were 
normalized  for the 0.30 cm thick Fricke solution and their maximum 
average dose values were assigned as being  the  CPE region. The 
effect of the beam divergence on the average dose and the 
water/Fricke dose relationship are being investigated. Results: As the 
thickness of the pillbox increases, the average dose increases, reaching 
a maximum after descending due to attenuation in the solution. With 
an uncertainty of ±0.3%, a deviation between the maximum and 
average doses of 17.0% (0.010-cm depth), 5.2% (0.025-cm depth), 
0.23% (0.15-cm depth) and 0.00% (0.30-cm depth) were observed for 
30, 50, 70 and 100 kV, respectively. Conclusions: As expected, 
different thickness of Fricke solution are required to determine the 
absorbed dose under CPE condition. Nevertheless, the data provided 
in this work may serve for absolute calibration of the Fricke solution 
using a similar setup, radiation qualities and the calculated 
relationship between maximum and average dose presented herein. 
 
POS29-05. Pretreatment verification of planned dose distributions 
for intensity modulated radiotherapy. Wojciech Bulski, Medical 
Physics Department, M. Skłodowska-Curie Memorial Cancer Center 
and Institute of Oncology, Poland 
 
Introduction: The IMRT is a complex procedure usually applied to 
radiotherapy of irregular shape tumours of located in the vicinity of 
organs at risk.  Therefore it requires the careful dosimetric verification 
before the actual treatment.  In most radiotherapy facilities such 
verification is limited to the fluence measurements for single fields.  A 
system of the verification of total dose distributions is presented here. 
The absolute film dosimetry as well as the ionization chamber point 
dose measurement procedure for total planned dose distribution was 
evaluated. The gamma evaluation concept was used for processing the 
plan verification results. 
Material and methods: More than 400 IMRT plans were verified using 
CarPet phantom (ESTRO Quasimodo project). The plans, mainly for 
head/neck and pelvic regions, were generated using Eclipse (Varian) 
treatment planning system. Field settings and numbers of monitor 
units were copied from the patient plan to the phantom CT images and 
the dose distributions were recalculated. Kodak EDR2 films were 
placed inside the phantom. The films in the phantom were irradiated 
using all fields of the plan for recording total absolute dose 
distribution. For each plan the measured and the calculated dose 
distributions were compared using in house developed software 
IMRTCompare. The 3 mm in spatial domain and 3 % of the planned 
isocenter dose was taken as parameters for the gamma evaluation. The 
fraction of points passing the gamma < 1 criterion from rectangular 
region embedding the 80 % isodose was recorded for each plan. The 
plan was accepted for treatment only if the fraction of points passing 
the criterion was higher than 95%. 
Results: In our group of patients about 25 % of evaluated plans was 
rejected. Most of the rejected cases required reoptimization using the 
treatment planning system. A relatively high fraction of  rejected plans 
was observed despite of  performing extended and precise quality 
check measurements and tuning of the planning system at the initial 
stage, before moving into IMRT routine. The fraction of plans passing 
the verification remains stable over the time. 
Conclusions: The verification method presented here serves as an 
independent check of monitor units calculation of a plan which has to 
be accepted for treatment. This is specially important for the patient 
safety since in the IMRT there is no well established method of in 
vivo dosimetry. 
 
POS29-06. Evaluation of Absorbed Dose of Critical Organ in 
Rando Phantom Under Head, Abdomen and Pelvis Spiral CT 
Scan by Thermoluminecent Dosimetery (TLD). Gholamhassan 
Haddadi1, M. Haddadi2, S. Mehdizadeh3, 1: Fasa University of 
Medical Sciences, Iran, 2: School of Electrical and Computer 
Engineering, University of Beheshti, Iran, 3: Medical Radiation 
departement, School of Engineering, Shiraz University, Iran 
 
Computed tomography (CT) represents 11% of all diagnostic 
radiology procedures but it contributes to almost 67% of the total 
effective dose to the human population.  In head and neck CT which 
consist of 1/3 of total CT scans, other critical organs such as lenses 
and thyroid are in the radiation field. Also  in the abdomen and pelvis 
scan, irradiation of  ovaries  is unavoidable. Because of high 
sensitivity of these organs, the probability of abnormality and cancer 
in these organs has increased. Therefore the dose assessment in these 
organs is very important. The aim of this study is to estimate the 
absorbed dose in critical organ of patient undergoing common head, 
neck, abdomen and pelvic spiral CT scan. 
In this study, Lithium fluoride thermoluminescent dosemeters (TLD-
100, Harshaw) were used to determine the absorbed dose of critical 
organ of tissue equivalent rando phantom (Alderson research 
industries, Inc,Stanford, Conn,U.S.A). The phantom was sectional in 
design and manufactured with a 2.5 cm slab thickness. Each section 
contained some holes that allowed accommodation of TLDs. At least 
two crystals were placed in each hole. The average value of the TLD 
readings was taken as the organ dose. Readouts were obtained on a 
Harshaw 4500 reader (Harshaw, Ohio, USA). For calibration, the 
annealed dosimeters were exposed to an X-ray beam resulting from 
120 kVp tube voltage and calibration curve was plotted. 
The mean absorbed dose received by the right and left eye lenses from 
primary beam of X-Ray was 7.35 mGy. The mean scattered dose 
received by the right and left lobes of thyroid gland were 0.5 mGy and 
0.54 mGy respectively. The mean absorbed dose received by ovaries 
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and uterus from primary beam of abdomen and pelvic CT scan was 
6.42mGy and 7.55mGy respectively. 
International Commission on Radiological Protection has 
recommended a lifetime risk for cancer induction of 0.75×10−2 per Gy 
delivered by the radiosensitive gland. To estimate the risk for cancer 
induction in each sensitive organ, we multiplied this coefficient by 
organ absorbed dose. 
The absorbed dose of critical organ resulting from head and abdomen 
CT scanning is significant, and it can lead to low risk for development 
of malignancies. Therefore, further research is required to investigate 
whether modification of the parameters used during routine spiral CT 
scan can be limited absorbed dose of critical organ without a 
significant loss of image quality.     
 
POS29-07. Radiation Measurements at Mountain Altitudes – Use 
of an Integrated Approach. Constanze Helbig, V. Mares, W. Rühm, 
Helmholtz Zentrum München, Germany 
 
Cosmic radiation is the major source of occupational exposure of air 
crew to ionising radiation. In an effort to complement cosmic ray dose 
calculations done at our institute with the EPCARD code, we aim at a 
detailed experimental characterisation of the radiation field at 
mountain altitudes. For this reason, cosmic radiation and other natural 
sources of radiation are continuously being measured at the 
environmental research station ―Schneefernerhaus‖ at an altitude of 
2650 m using a set of various detection techniques and instruments. 
Results obtained with a high-pressure ionisation chamber and a plastic 
scintillation detector for dose rate measurements, a NaJ detector for 
gamma spectrometry, several rem counters for neutron dose rate 
measurements, and instruments for radon gas detection are shown in 
the present paper. For example, typical dose rates measured with the 
high-pressure ionisation chamber and the plastic scintillation detector 
range between 0.010 and 0.015 mR/h or 0.10 and 0.15 μSv/h, 
respectively, with occasional short-time variations that might for 
example be due to increased local radon progeny concentrations in air. 
This is confirmed by time-dependent measurements of photons 
emitted by radon progeny 214Bi and 214Pb using the NaJ detector. 
 
POS29-08. Angular responses of RPL dosemeter to photons and 
beta radiation calculated with MCNPX. Nora Hocine, Institut de 
Radioprotection et de Sûreté Nucléaire, France 
 
At the IRSN (Institute of Radioprotection and Nuclear Safety-France), 
the standard dosemeter used for the monitoring of the external dose of 
radiation on workers is the radiophotoluminescent (RPL) glass 
dosemeter (Chiyoda Technol Corporation-Japan). This dosemeter 
consists of a plastic badge (61 x 30 x 8 mm3) with aluminium, copper, 
tin and plastic filters that ensure energy compensation in all directions 
through the RPL glass (35 x 7 x 1.5 mm3). The RPL dosemeter is 
designed to measure beta particles in the 100 keV to 3 MeV energy 
range and photon energies between 10 keV to 10 MeV. The angular 
response of the RPL dosemeter to photon as well as to beta particles is 
investigated. The RPL dosemeter and the phantom were rotated in the 
horizontal and vertical planes from a variety of angles of interest. The 
aim of this work is to determine the theoretical responses of the RPL 
dosemeter in terms of the personal dose 
equivalents Hp(0.07) and Hp(10) with the Monte Carlo transport code 
MCNPX. The calculated dose equivalent response as a function of 
angle has been examined for the RPL dosemeter that was exposed to 
Narrow Series X-ray, N-60, N-80, N-100, N-150, N-200, N-250, N-
300, photon sources (60Co and 137Cs) and beta-ray emitter (90Sr/90Y). 
The results were compared with the experimental data. A good 
agreement was found between the measured and calculated values of 
the relative dose equivalent angular responses of the RPL dosemeter 
for the angles ranging from -90° to 90°. Measured results from 
experimental testing of the dosemeter validated the calculated data 
and, consequently, served as additional confirmation of the MCNPX 
simulation method used. 
 
POS29-09. Assessment of doses and neutron spectra induced by a 
high energy medical Linac. Fang-Yuh Hsu, J. Lin, National Tsing 
Hua University, Taiwan 
 
The medical linear accelerator (Linac) is the main therapeutic 
equipment used in modern radiotherapy. For the energy of photon 
beam produced by a Linac is higher than 10 MeV, probability of 
photonuclear interaction increases, therefore, neutron particles will be 
induced. To assess the induced neutron dose, dual-thermoluminescent 
dosimeter (dual-TLD, TLD600/700) method is frequently used. 
However, the accuracy of dual-TLD method depends on the energy 
spectrum of the induced neutrons. The sensitivity of TLD-700 chip to 
low energy neutron is negligible, but it will increase and become 
significant relative to TLD-600 chip as the neutron energy is higher. 
To estimate the neutron doses correctly, measurements of energy 
spectra of neutrons are necessary. This paper, thereby, assessed and 
discussed the energy spectra and doses of neutrons induced by a Linac 
used in radiotherapy. 
Gold foils inside the Bonner spheres with different diameters (2‖, 3‖, 
5‖, 8‖, 10‖ and 12‖) were used to estimate the neutron spectra induced 
by a medical Linac (with max. energy of 15 MV X rays). Response 
functions of the gold foil were calculated with Monte Carlo simulation 
Code (MCNP). By means of the response functions, activated-gamma 
counting rates of the gold foils in different size of spheres and the 
unfolding UMG 3.3 code, neutron spectra were estimated. Besides, 
the doses and neutron spectrum at different depths (from 0 to 20 cm 
depth) of solid water phantom were also estimated. The doses 
contributed from X rays and thermal neutrons and fast neutrons were 
assessed by using dual TLD(TLD 600/700) method. Two algorithms, 
considering (depending on the assessed neutron spectrum) and 
ignoring  the dose responses of TLD-700 chips to higher energy 
neutrons were applied and discussed. 
Two main peaks, thermal(<0.1eV) and fast (about 1 MeV) were 
showed in the assessed neutron spectra. For shallow depth, fluence of 
high energy neutrons is higher, ignoring the dose responses of TLD-
700 chips to higher energy neutrons would overestimate the dose of 
thermal neutrons. 
 
POS29-10. Application of Medipix detector for radon, thoron and 
their progeny measurement. Miroslaw Janik1, O. Ploc1, L. Pinsky2, 
J. Jakubek3, Y. Uchihori1, T. Ishikawa1, 1: National Institute of 
Radiological Sciences, Japan, 2: University of Houston, Texas, USA, 
3: Institute of Experimental and Applied Physics, Czech Technical, 
Czech Republic 
 
Radon and thoron which are decay products of the radium decay, and 
their short-lived progenies are the most important elements for public 
exposure. Methods of the radon, thoron and decay products 
measurement are still developed. Currently, only the etch-track 
method (CR-39 or LR-115) is used for the passive long-term 
measurement of radon/thoron progenies. The result of measurement is 
available after exposition and chemical treatment. In this work new 
method for passive but ―on-line‖ alpha particles registration based on 
semiconductor pixel radiation detector systems is present. The hybrid 
silicon pixel device of Medipix type developed at CERN was 
originally designed for position sensitive single X-ray photon 
detection. This device can provide information about energy and 
position of charged particles.  
Preliminary energy calibration for radon, thoron and their progenies 
was performed using NIRS (National Institute of Radiological 
Sciences, Chiba, Japan) radon and thoron chambers as well as Am-
241 source. The good energy resolution and the linear dependency 
between channel number and energies with the coefficient of 
determination R2 = 0.98 in the range from 5 to 9 MeV were observed. 
 
POS29-11. Dosimetry comparison of conformal techniques used in 
stereotactic radiotherapy. Marzena Janiszewska, M. Raczkowski, T. 
Tokarz, Dolnośląskie Centrum Onkologii, Poland 
 
Introduction: In radiation therapy the correctness of planned dose 
delivery is of fundamental importance. In stereotactic radiotherapy the 
quality control is usually limited to accelerator control, that is dose 
rate control, and control of geometry. Wherefore, at the DCO the 
verification system has been extended with the control of treatment 
planning system. Calculated dose distributions have been compared 
with measurement reality on the accelerator. 
Objective: The objective of the article is an evaluation of the dose 
calculation correctness for conformal techniques 3D and conformal 
arc.  
Material: The verification has been performed for conformal 
technique 3D and conformal arc in planning systems iPlan for 
MLC120 and micro m3, for energy 6.10, 18MV in Eclipce system for 
MLC120, for energy 6 and 18MV. The 2-Gy dose has been calculated 
for 5 cm. Calculations for 120MLC, for photons 6 and 18 MV have 
included square fields and rectangular fields in the scope from 10x10 
cm to 1x1 cm and irregular fields MLC within field size 4x4 cm. In 
arc technique two arcs in arc range ±30 and ±45 have been checked, 
for a combination of 13 fields from 10x10 to 1x2 cm. For micro m3 
small fields scope has been extended to 0.6x0.6 cm. 
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Method: The measurements have been performed in water phantom 
with two chambers type Pin Point PTW TM 31014 (0,015 cm3) and 
TM 31016 (0,016 cm3). For both above mentioned chambers the 
calibration factor cross for reference set has been indicated: chambers 
PTW TM 30013 (0,6 cm3) and dosimeter UNIDOS T10008. Dose 
measurements included all calculated fields combinations with 
irradiation times determined from the calculations. 
Results: Average and maximum differences between planned dose in 
iPlan system and measured dose for 3D technique were: 
for MLC120: for 6MV (∆śr=0,3%,∆max=1,8%), for 18MV 
(∆śr=0,5%;∆max=3,5%); 
for MLCm3: 6MV (∆śr=0,7%,∆max=2,5%), 10MV (∆śr=-0,5%; ∆max=-
4,6%). 
For arc technique the differences for iPlan system were: 
for MLC120: 6MV (∆śr=0,4%,∆max=1,9%), 18MV 
(∆śr=0,1%;∆max=3,1%); 
for MLCm3: 6MV (∆śr=0,3%, ∆max=-4,5%), 10MV (∆śr=-0,7%; ∆max=-
5,6%). 
Average and maximum differences between planned dose and 
measured dose in Eclipce system for 3D technique were: 
for MLC120: 6MV (∆śr=1,6%; ∆max=3,3%), 18MV (∆śr=3,9%; 
∆max=8,0%); yet in the fields scope of more than 3 cm the differences 
were smaller (∆śr=2,0%; ∆max=5,1%), 
for arc technique the differences for Eclipce system were for 
MLC120: 6MV (∆śr=1,8%; ∆max=3,9%), 18MV (∆śr=4,3%; 
∆max=7,8%), yet in the fields scope of more than 3 cm the differences 
were smaller (∆śr=1,7%; ∆max=4,4%). 
Discussion: The verification of planning system is a fundamental 
element of quality control in radiation therapy. The high level of 
conformity of all measured cases with the measurement reality on 
accelerator enables a safe realisation of procedures without delivered 
dose to be controlled in real time. At the DCO in Wrocław the 
planning of head stereotactic surgery is performed only in iPlan 
system, whose correctness of working has been shown for 3 energies, 
2 types of collimators. Plans for extracranial stereotactic surgery can 
be additionally calculated in Eclipce system. A mutual conformity of 
these systems in fields scope above 3 cm allows the use of two 
independent calculation methods. The incompatibilities in Eclipce 
system for fields bellow 3 cm result from interpolation of the field 
factors table. Wherefore extracranial stereotactic surgery for small 
areas has to be planned only in system iPlan. 
 
POS29-12. Research on the methods of 3D water absorbed dose 
Measurements in Photon and Electron Beams. Cheng Jinsheng, 
National Institute for Radiological Protection, China 
 
Abstract: In relative dose measurement, we have finished developing a 
3 dimensional auto-scanning measuring dose system. The water tank 
dimensions (LxWxH): 638mm×630mm×555mm ;Scanning volume 
(LxWxH): 400 mm x 400 mm x 360 mm,Position resolution: 0.1 
mm,Position accuracy: ± 0.1 mm, Position reproducibility: ± 0.1 mm. 
We used the 3D auto-scanning system to scan the X-rays fields and 
electron fields from the linear accelerators and compare with a IBA 
Blue Phantom 3D waterphantom, the X-rays energies are two ranges, 
6MV and 15MV; the electron energies are 6 ranges, 4MeV 
,6MeV,9MeV,12MeV, 16MeV and 20MeV. The compared results 
with IBA 3D waterphantom coincide very well. The performance of 
3D auto-scanning measurement is reliable.  
 
POS29-13. Alanine/ESR Dosimetry for Electron Intra-Operative 
Therapy (ELIOT). Maurzio Marrale1, A. Longo1, G. Russo2, C. 
Casarino3, G. Candiano3, M. Brai1, 1: University of Palermo, Italy, 2: 
Fondazione Istituto San Raffaele G. Giglio and IBFM-CNR, Italy, 3: 
LATO s.r.l, Italy 
 
The Electron Intra-Operative Therapy (ELIOT) is a radio-
therapeutical technique employed to deliver a single dose of radiation 
directly to the tumour bed or to the exposed tumour during the 
surgery. The objective is to achieve higher doses (20-22 Gy) to the 
target volume, equivalent to the total dosage (60 Gy) usually delivered 
during external fractionated radiotherapy. In case of breast treatment, 
this technique allows to treat only the involved quadrant of the breast, 
thereby shortening the radiotherapy course from 6 weeks to a single 2-
min session during surgery[1]. ELIOT is performed using a mobile 
linear accelerator located directly in the operating room. 
In this work we report the analysis response of the alanine/ESR 
dosimetric system to the electron beams used for ELIOT treatment. In 
particular, we study the dependence of the alanine ESR response for 
different dose rates and energy beams. Our results are compared with 
those reported in a previous work by De Angelis et al. (2006)[2]. The 
linearity of the dose response is investigated in the dose range below 
40Gy. The irradiation of the alanine samples was carried out with a 
mobile linear accelerator (NOVAC7) installed at the Laboratory of 
Oncological Technologies (LATO-Fondazione Instituto San Raffaele 
G. Giglio) in Cefalù (Italy), specifically used for breast cancer 
treatment. 
Furthermore, to test the alanine/ESR dosimetric system, we compared 
the measured dose distributions with those obtained with Monte-Carlo 
simulations, in the case of a aluminium-lead protection disc (usually 
used in surgery to minimize the irradiation of the thoracic wall) 
positioned in the suitable phantom. 
References: 
1) U. Veronesi, R. Orecchia, A. Luini, V. Galimberti, S. Zurrida, M. 
Intra, P. Veronesi, P. Arnone, M. C. Leonardi, M. Ciocca, R. Lazzari, 
P. Caldarella, N. Rotmensz, C. Sangalli, D. Sances, P. Maisonneuve 
Intraoperative radiotherapy during breast conserving surgery: a study 
on 1,822 cases treated with electrons. Breast Cancer Res Treat (2010) 
124:141–151 
2) C. De Angelis, A. Soriani, M. Benassi and S. Onori On measuring 
the output of an IORT mobile dedicated accelerator. Radiat. Prot. 
Dosim. (2006), 120, 1-4, 221-225. 
 
POS29-14. Can two dimensional ionization chamber systems 
(Matrixx) overtop the film in the dosimetry for quality assurance 
of IMRT plans? Hajime Monzen1, M. Hirata2, T. Suzuki2, Y. 
Miyabe1, S. Sato1, M. Nakamura1, T. Shinoki1, T. Mizowaki1, M. 
Hiraoka1, 1: Kyoto University Graduate School of Medicine, Japan 2: 
Otsu Red Cross Hospital, Japan 
 
Porpose: Comparisons between measured data and calculated data on 
a radiotherapy treatment planning system (RTPS) are indispensable in 
quality assurance (QA) of intensity modulated Radiation Therapy 
(IMRT) plans. As for relative dose comparison, film dosimetry (FD) 
has been mainly used. However, it is not economical or easy to use. 
Therefore, development of any alternative method has been 
desperately needed. 
Method: IMRT treatment plans of 8 patients with prostate cancer were 
retrospectively analyzed. We evaluated the effectiveness of a two-
dimensional ionization chamber system (Matrixx) in actual 
measurements of IMRT plans by comparing dose distributions among 
Matrixx, FD and RTPS based on the gamma index. 
Result: In the Bland-Aitman analysis, the gamma index (3 mm / 3%) 
for FD was favorably agreed with those calculated on the RTPS than 
those measured with the Matrixx. Mean percentage of points 
satisfying the constraint was 94% versus 90%. Errors detected with 
Matrixx in areas where the dose gradient was steep were larger than 
those detected by the FD. On the other hand, Matrixx was superior to 
FD in measuring doses in low dose regions. 
Conclusion: In conclusion, Matrixx would potentially replace with FD 
in routine-bases IMRT QA, although it holds disadvantage of low-
spatial resolution.                      
 
POS29-15. Measurements of low rate neutron fluence using 
gamma spectrometry. Kinga Polaczek-Grelik, University of Silesia, 
Medical Physics Department, Poland 
 
The neutron radiation field around radiotherapeutic high-energy linacs 
is strongly dependent mainly on an accelerator type (beam type, 
operation energy, material composition of the head construction) and a 
topology of the facility (room area, wall composition, maze shape and 
length, position of the control panel). Therefore the data found in 
literature cannot directly serve in occupational neutron dose 
assessment in a particular case. 
The major sources of neutron dose uncertainties are associated with 
the sensitivity of a method of indirect neutron counting and the poor 
knowledge of neutron spectra. 
The purpose of this work is to check whether, and in what extent, 
gamma ray spectrometry could be applicable in clinical conditions for 
occupational neutron radiation monitoring, including fluence and dose 
assessment. 
Prompt gamma neutron activation analysis (PGNAA) has been used 
for determination of photoneutron fluence outside the treatment room. 
In situ portable spectrometry system based on semiconductor high 
purity germanium (HPGe) detector was used. Neutron capture 
reactions as well as inelastic scattering processes on germanium 
crystal were observed. Cross sections of these interactions are strong 
energy-dependent. Therefore the analysis was based on photopeaks 
count rates selected from registered spectra. Results obtained using 
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equations of neutron activation analysis have been compared with 
those received on the base of semiempirical formulae [Skoro et al. 
(1992); Wordel et al. (1996)]. Application of neutron energy 
moderators [Chao, Niu (1997)] allowed for roughly estimation of 
photoneutron spectra outside the entrance of the high-energy medical 
accelerator rooms, distinguishing the slow and fast components of 
neutron flux. Ambient dose equivalent H*(10) 50 cm away from the 
door, estimated with the use of fluence-to-dose conversion 
coefficients given in [ICRP 74 (1996)], were found to be: 3.7·10-
4microSv/MU ± 26% for Primus 15 MV and 2.5·10-4microSv/MU± 
31% for Clinac 2300 20 MV. This is in good agreement with results 
obtained by others with different methods [Chen et al. (2006); 
Donadille et al. (2008)]. Obtained results have shown that PGNAA of 
HPGe spectrometer could be used in characterization of low rate 
neutron radiation field. Although it appears to be useless in mixed 
photon/neutron field inside the linac room. 
 
POS29-16. EURADOS - The European Radiation Dosimetry 
Group. Werner Ruehm, Helmholtz Center Munich, Germany 
 
W. Rühm on behalf of European Radiation Dosimetry Group e.V. 
EURADOS, the European Radiation Dosimetry Group 
EURADOS, the European Radiation Dosimetry Group, is a network 
of more than 50 European institutions and 200 scientists. EURADOS 
promotes research and development and European cooperation in the 
field of the dosimetry of ionizing radiation, and maintains a network 
which includes experts, reference and research laboratories, and 
dosimetry services. 
Areas of activity include individual monitoring for external and 
internal exposure, retrospective dosimetry, environmental radiation 
monitoring, diagnostic and interventional radiology, nuclear medicine 
and radiation therapy, and computational dosimetry. The paper gives a 
brief overview on the EURADOS network. 
 
POS29-17. Mini-TEPC for Deep Space Dosimetry. Tore Straume1, 
L. Braby2, T. Lusby1, T. Borak3, H. Tran1, D. Perez-Nunez2, 1: NASA 
Ames Research Center, USA, 2: Texas A&M University, USA, 3: 
Colorado State University, USA 
  
As humans travel beyond the protective shield of the Earth‘s 
magnetosphere for extended periods, there will be a need for compact, 
low power, active radiation monitors. Such monitors must be capable 
of measuring the total dose-equivalent rate from galactic cosmic 
radiation during ambient conditions and also record the dose and issue 
a warning during the initiation of a high intensity solar particle event 
(SPE).  It would be desirable if the instrument could be multi-use, i.e., 
be configured to serve as a compact portable radiation monitor inside 
the spacecraft as well as in a base camp or on a surface rover.  We are 
developing a small tissue-equivalent proportional counter (TEPC) 
with modern microelectronics to measure dose-rate and quality factor 
in real time using only about 1 W of power and weighing only about 
300 g. The monitor includes a TEPC sensor, a pre-amplifier with 
charge integrator, and a compact electronics package with power 
supply and data processor.  The charge integrator and the algorithm 
programmed into the data processor provide the capability to perform 
real-time variance-covariance calculations using a single detector. For 
our variance-covariance approach, the output voltage of the charge 
integrator is proportional to the energy deposited in the detector and 
the specific energy for successive integrals is obtained by subtracting 
successive voltage values.  The average of the specific energy is 
proportional to the absorbed dose rate and the variance is proportional 
to the dose mean lineal energy, which is related to the mean quality 
factor. This approach provides the dose equivalent without a 
multichannel analyzer using a single TEPC detector. The innovations 
made here in electronics and variance-covariance have made possible 
substantial reductions in size and power and build on the extensive 
performance history of the tissue-equivalent proportional counters that 
have been on the Space Shuttle and on the ISS for almost two decades, 
but which are too large and power intensive to be used on deep space 
missions. 
We acknowledge support from NSBRI to NASA Ames Research 
Center and Texas A&M University (grant RE01302, T. Straume, 
PI).  We also acknowledge collaboration with NSBRI grant RE01301 
(T. Borak, PI). 
 
POS29-18. Construction of natural radiation exposure study 
network in Asia – Present status on JST project. Shinji Tokonami, 
A. Sorimachi, Hirosaki University, Japan 
 
A new project entitled ―Construction of natural radiation exposure 
study network‖ commenced in 2009. Nine institutions are now being 
involved in this project and this project will be finished in March 
2012. The aim of the project are to assess the dose for natural 
radiation exposures using state-of-the-art measurement techniques in 
four Asian countries (China, India, Korea, and Thailand) and their 
outcomes will be distributed worldwide. Conventional measurement 
techniques have been improved and been optimized. Since internal 
dose assessment is more difficult than the external one, in particular, 
some new technologies were introduced in this research field.  For 
instance, a discriminative measurement technique of radon(222Rn) and 
thoron(220Rn) was introduced in some epidemiological area together 
with a passive thoron progeny measurement technique. Although 
information on their particle size distribution has not yet been 
sufficient so far, a simple but effective device was developed so as to 
measure the particle size distribution for further understanding on the 
internal dose assessment. 
The present study demonstrates the present status on the on-going 
project and its tentative results. 
 
POS29-19. PIN Diodes for Use in Radiation Protection. Marek 
Wielunski1, M. Węgrzecki2, J. Sarnecki3, J. Bar2, F. Berchtold1, T. 
Budzyński2, M. Cież2, P. Grabiec2, B. Haider1, E. Gruber1, F. 
Karinda1, J. Kulawik2, D. Lipiński3, A. Panas1, W. Rühm1, W. Wahl4, 
W. Słysz2, I. Węgrzecka2, K. Witek2, M. Zaborowski2, 1: Institute of 
Radiation Protection, Helmholtz Zentrum München, German Research 
Centre for Environmental Health GmbH, Neuherberg, Germany, 2: 
Institute of Electron Technology, Warsaw, Poland, 3: Institute of 
Electronic Materials Technology, Warsaw, Poland, 4: Official 
Personal Monitoring Service AWST, Helmholtz Zentrum München, 
German Research Centre for Environmental Health GmbH, 
Neuherberg, Germany 
  
Electronic active dosimeters that provide online information on 
individual dose are important for avoiding unnecessary high radiation 
exposures. Here we report on recent developments at the Institute of 
Radiation Protection, Neuherberg, Germany, that aim at the 
production of small and light instruments for neutron and radon 
detection. All instruments include silicon-based PIN diodes developed 
at the Institute of Electron Technology, Warsaw, Poland. 
For neutron detection the PIN diodes were covered with converter 
materials, where the neutrons produce heavy charged particles such as 
protons, tritium and a particles detected by the PIN diode. In order to 
keep the sensitivity for gamma rays as low as possible, an active layer 
with a thickness of 55 mm was chosen. For thermal and epithermal 
neutrons the PIN diode was covered by a 6LiF converter inside a 
cadmium encapsulation with calibrated aperture, while for fast 
neutrons (MeV) the PIN diode was covered by a polyethylen-wax 
converter inside a lead encapsulation. These sensors (PIN diode + 
converter + encapsulating material) proofed to be robust, simple to 
handle, and producible at reasonable costs. The sensitivity of the 
sensors for thermal and epithermal neutrons is about 150 counts per 
cm2 and µSv, while that for fast neutrons is about 3 counts per cm2 and 
µSv. Thirteen neutron dosimeter prototypes were built recently, and 
results of first calibration measurements using an AmBe neutron 
source are presented. 
For radon gas detection, the a particles emitted by radon progeny are 
detected directly by the PIN diode. Here an active layer of 110 mm 
was chosen, to ensure a particles with energies up to 10 MeV to be 
stopped, and a low sensitivity for g rays. The active area of about 5 
cm2 required for a reasonable detection limit was achieved by 
connecting 4 PIN diodes (size: 12.4 mm x 12.4 mm) in parallel, 
resulting in low production costs. The PIN diodes were mounted 
inside a small aluminium box which also includes detector electronics. 
The device detects about 1 count per hour in at a radon concentration 
of 30 Bq/m3. At present, about 25 prototypes are available. Examples 
are shown that demonstrate the reproducibility of the calibration and 
the use of the instruments to quantify individual radon exposures. 
 
POS29-20. ESR dosimetry study for the residents of Kazakhstan 
exposed to radioactive fallout on 7, August 1962. Kassym 
Zhumadilov1, A. Ivannikov2, D. Zharlyganova3, I. Shashtin4, Z. 
Zhumadilov5, S. Toyoda6, M. Hoshi1, 1: Research Institute for 
Radiation Biology and Medicine, Hiroshima University, Japan, 2: 
Medical Radiological Research Center, Obninsk, Russian Federation, 
3: Astana Medical University, Astana, Kazakhstan, 4: Dental clinic, 
Kurchatov, East-Kazakhstan, Kazakhstan, 5: Nazarbayev University, 
Life Sciences Center, Astana, Kazakhstan, 6: Department of Applied 




In the period from 1949 to 1962, 125 nuclear tests (including 25 near-
surface nuclear tests) were conducted at the Ground Zero technical 
site in the territory of the Semipalatinsk Nuclear Test Site (SNTS), 
Republic of Kazakhstan. The method of electron spin resonance 
(ESR) dosimetry has been applied to human tooth enamel to obtain 
individual absorbed doses of residents of settlements in vicinity of the 
central axis of radioactive fallout trace from the contaminating surface 
nuclear test in 7, August 1962. Most of settlements (Kurchatov, 
Akzhar, Grachi, Semenovka, Begen, Mayskoe) are locating from 70 to 
100 km to the North from epicenter of explosion at the SNTS. This 
region is basically agricultural region. It was found that the excess 
doses obtained after subtraction of natural background radiation 
ranged up to about 100 mGy all for residents in this region. Totally 
about 60 teeth samples were measured. Average excess doses in the 
settlements are consistent with estimations based on the official 
registered data indicating high levels of fallout in the period 1949-
1962. Kokpekty settlement was chosen as a control and not subjected 




POS30 Systems biology 
 
POS30-01. Radiation induced genomic instability: mechanistic 
modelling as a tool for data integration and quantitative analysis. 
Sergey Andreev, Y. Eidelman, Institute of Biochemical Physics, 
Russian Academy of Sciences, Russian Federation 
 
Genomic instability (GI) following radiation exposure is recognised as 
an important step in neoplastic transformation process. Although GI is 
in a focus of radiation and cancer research, the mechanisms are still 
obscure, data are often contradictory and their quantitative 
interpretation is extremely complicated. This is due to, in particular, 
the use of different experimental models, methods, etc. The aim of this 
report is to demonstrate an opportunity for integrative GI analysis on 
the basis of quantitative mechanistic modelling approach. 
The modelling includes the Monte Carlo based multilevel simulation 
of possible cellular processes involved in GI, as to DNA/chromosome 
breakage and repair, damage transmission through the cell cycle, 
chromosome bridge-breakage-fusion cycle, etc. The approach 
presented generalises the recent model of radiation induced 
chromosomal instability [Radiat. Prot. Dosim. 2011, v.143, p.270]. 
The modelling approach predicts the wide spectrum of delayed effects 
of radiation serving as markers of GI, namely dicentrics, micronuclei, 
nonclonal translocations, chromatid exchanges, fragments. The 
quantitative modelling demonstrates that the manifestation of various 
GI endpoints depends on the cell‘s choice of DNA DBS repair 
pathway. Taking the cell-cycle-dependent generation of 
DNA/chromosome breakage into account ensures an advantage in 
estimating the contribution of different DNA damage response 
pathways to GI, nonhomologous vs homologous recombination repair 
mechanisms, the role of DSB at telomeres or interstitial chromosomal 
sites, etc. The preliminary estimates show that both telomeric and non-
telomeric DSB interactions are involved in delayed effects of 
radiation. 
Since the present approach incorporates chromatin/chromosome 
structure, it opens the new perspectives for evaluation of different 
pathways involved in development of radiation induced GI: delayed 
chromosome damage (chromosomal instability) and chromatin 
modifications/remodelling (epigenetic changes). 
 
POS30-02. Evaluation of NF-kB signaling in a possible bystander 
effect scenario. Gabriele Babini1, D. Cappelletti2, D. Alloni3, L. 
Mariotti4, D. Volpi5, A. Ottolenghi2, 1: University of Pavia, 
Dipartimento di Fisica Nucleare e Teorica & INFN, Italy, 2: 
Università di Pavia, Dipartimento di Fisica Nucleare e Teorica & 
INFN 3: University of Pavia, Dipartimento di Fisica Nucleare, INFN, 
LENA, Italy, 4: Università di Pavia, Dipartimento di Fisica Nucleare e 
Teorica & INFN, Italy 5: University of Pavia, Dipartimento di Fisica 
Nucleare, CRUK/MRC, Gray Institute for Radiation Oncology & 
Biology, University of Oxford, UK 
 
Our understanding of how radiation kills normal and tumor cells has 
been based on an intimate knowledge of the direct induction of DNA 
damage and its cellular consequences. What has become clear is that, 
besides responses to direct DNA damage, effects also on cells not 
irradiated mediated through gap junctions and inflammatory 
molecules, known as bystander effect, may have an important role in 
the response of cells and tissues to radiation exposure[1]. 
Extensive experiments using ELISA assay, immunocitochemistry and 
Western Blot have been done on cytokines, Reactive Oxygen Species 
(ROS) and Nitric Oxide Synthase (NOS) enzymes concentration on 
cells (AG1522) exposed to low doses of ionizing radiation[2]. In order 
to look at the precursor mechanisms underpinning the different release 
of these molecules, the evaluation of nuclear NF-kB activity was 
performed. 
NF-kB family has an important role in a myriad of physiological 
functions, like inflammatory and environmental stress. It‘s activated 
by IkB Kinase (IKK) in response to extracellular stimuli, being 
therefore modulated by a wide range of spatiotemporal concentration 
gradients of signaling molecules [3]. Once activated, it moves into the 
nucleus to induce the expression of specific target genes, including its 
own inhibitors, before being rapidly inactivated due to negative 
feedbacks. 
Using the same experimental techniques adopted for signaling 
proteins evaluation, NF-kB modulation was measured for different 
conditions such as change of the medium, irradiation with different 
gamma-rays doses, presence of scavengers of ROS and NOS pathway 
(i.e. c-PTIO, DMSO),  showing a typical response of negative 
feedback loops. Data were analyzed on the basis of the models, 
reported in literature ([4],[5],[6]), in order to understand how the 
interaction network leads to the spiky oscillations of nuclear NF-kB 
concentration experimentally observed. These studies suggested a key 
role of IKK activation, and the subsequent NF-kB nuclear import and 
gene transcription, due to radiation exposure. 
[1] K. M. Prise et al.,  Nat. Rev. Cancer 9, 351–360 (2009) 
[2] D. Cappelletti et al., Abstract submitted to ICRR 2011 
[3] C. E. Hellweg et al., Rad. Res. 175, 424-431 (2011) 
[4] A. Hoffmann et al., Science 298 (2002), 1241-1245 
[5] T. Lipniacki et al., J. Theor. Biol. 228 (2004), 195-215 
[6] S. Krishna et al., PNAS vol.103, n. 29 (2006), 10840-10845 
This work was partially supported by the European Commission (EC 
Contract FP7 EURATOM project ‗‗EPIRADBIO‘‘ and ―DOREMI‖) 
 
POS30-03. Chromosomal aberrations after G1 or G2 irradiation 
of HRR or NHEJ deficient mutant cells. Joel Bedford1, H. 
Nagasawa1, P. Wilson2, J. Brogan1, T. Wade1, J. Little3, 1: Colorado 
State University, USA, 2: Brookhaven National Laboratory, USA, 3: 
Harvard School of Public Health, USA 
 
We have studied the contributions of homologous recombination 
repair (HRR) and non-homologous end joining (NHEJ) systems 
involved in the processing of ionizing radiation damage leading to the 
formation of chromatid aberrations following exposure of cells in G2 
or late S phases of the cell cycle [Nagasawa, et al,Mutation Research 
701, 12-22  (2010)] or in G1/G0 (current study). The approach in both 
cases was to compare aberration yields in Chinese hamster wild-
type vs mutant cells deficient in HRR or NHEJ. We found that for 
cells irradiated in late S or G2, a deficiency in NHEJ led to a large 
increase in the yield of chromatid deletions but a very minimal or no 
increase in chromatid exchanges. This would be in accord with the 
idea that to form exchanges a rejoining would be necessary, so a lack 
of rejoining would then produce more deletions and less exchanges. 
For HRR deficient cells irradiated in S or G2 there was an increase in 
both deletions and exchanges. This also seems to fit with the above 
idea, because the HRR deficient cells are proficient in NHEJ but lack 
contributions of a repair system that only operates on a large scale 
―post-replication‖. The result for irradiation of these cell lines in 
G0/G1 was that for NHEJ deficient cells relative to wild-types there 
was an increase in both chromosome breaks and exchanges. In 
absolute terms for the same doses the yield of chromatid breaks per 
cell was much higher after S or G2 than chromosome breaks after 
G0/G1 irradiation, likely because there would be more total repair 
time during progression to mitosis for the latter. The effect here was 
similar to what had been reported by us and others on previous 
occasions [Reviewed in: J. S. Bedford, W. C. Dewey, Radiat. Res. 158, 
251 (2002).]. For the HRR mutant cells irradiated in G0/G1, there was 
very little increase in either breaks or exchanges in the irs-1 (Xrcc2 
deficient) or irs-3 (Rad51C deficient) cells, but there was a significant 
increase in both breaks and exchanges in the irs-1SF cells. However, 
the increase in breaks and exchanges in these G0/G1 irradiated irs-1SF 
cells which are deficient in Xrcc3 (but proficient in NHEJ) is almost 
entirely due to increased levels of chromatid-type breaks and 
exchanges. 





POS30-04. Identification of microRNAs Regulating 
Radiosensitivity in Lung Adenocarcinoma Cell Lines. Eric Y. 
Chuang1,2, Y.J. Liou3, Y.C. Liu1, T.P. Lu1, M.H. Tsai4,2, L.C. Lai3,2, 1: 
Graduate Institute of Biomedical Electronics and Bioinformatics and 
Department of Electrical Engineering, National Taiwan University, 
Taiwan, 2: Bioinformatics and Biostatistics Core, Research Center of 
Genomic Medicine, National Taiwan University, Taiwan, 3: Graduate 
Institute of Physiology, National Taiwan University, Taiwan, 4: 
Institute of Biotechnology,  National Taiwan University, Taiwan 
  
Lung cancer is the leading cause of cancer-related mortality 
worldwide. Radiation therapy is often applied for treating unresectable 
lung cancer, but the molecular mechanisms of differential 
radiosensitivity in lung cancer still remains unclear. Recently, it has 
been demonstrated that microRNAs have pivotal roles in cancer 
initiation, progression and metastasis. Previous studies showed that 
two lung adenocarcinoma cell lines (CL1-0 and CL1-5) derived from 
same parental cells had different metastatic ability and 
radiosensitivity.  The surviving fractions of highly aggressive CL1-5 
were eight times lower than that of non-aggressive CL1-0 after 10 Gy 
irradiation. Yet, little is known about the underlying mechanism and 
the dynamic response after radiation. Therefore, in order to explore 
possible regulatory machineries of lung tumor cells in response to 
radiation, both CL1-0 and CL1-5 were treated with 10 Gy radiation, 
and were harvested respectively at 0, 1, 4, and 24h after radiation 
exposure. The genomic profiling of microRNAs following irradiation 
was examined using Illumina Human microRNA BeadChips. Fold 
changes and t-tests were applied for selecting radio-responsive 
microRNAs. The preliminary results showed that 30 microRNAs were 
identified in response to 10 Gy radiation in CL1-0 or CL1-5. The 
kinetics of microRNA profiling to radiation in CL1-0 and CL1-5 were 
very different. In CL1-5, most of microRNAs were differentially 
expressed at 1 or 4h after radiation, whereas more differentially 
expressed microRNAs were observed at 24h in CL1-0. Over-
expression and knockdown of selected microRNAs (e.g., miR-141, 
and miR-923) are currently being performed to examine whether 
radiosensitivity can be regulated by these microRNAs. 
 
POS30-05. Mouse urine metabolomic signatures differentiating 
between ionizing radiation and lipopolysaccharide exposure. 
Evagelia Laiakis1, D.R. Hyduke2, D.J. Brenner3, A.J. Fornace Jr1, 1: 
Georgetown University, USA, 2: University of California, San Diego, 
USA, 3: Columbia University, USA 
 
Gamma rays was analyzed by Ultra Performance Liquid 
Chromatography coupled to Time-of-Flight-Mass-Spectrometry 
(Waters). Multivariate data analysis was performed with the 
chemometric software SIMCA-P+ (Umetrics) and the machine 
learning algorithm Random Forests. We identified metabolites that 
were distinct markers for LPS or IR exposure, and metabolites that 
were common to the two perturbations. These markers were validated 
through tandem mass spectrometry against pure chemicals. Five 
metabolites, cytosine, cortisol, adenine, O-propanoylcarnitine, and 
isethionic acid showed increased excretion levels at twenty-four hours 
after LPS treatment. Of those, cytosine, adenine, and O-
propanoylcarnitine showed specificity to LPS treatment when 
compared to IR. On the other hand, increased excretion of cortisol by 
LPS and IR treatments indicated a rapid systemic response to 
inflammatory agents, concurrent with the state of the treatments. 
Isethionic acid excretion, however, showed elevated levels not only 
after LPS, but also following a very high dose of 15 Gy. Taken 
together, these results indicate a strong potential for using urine 
metabolomics biomarkers to distinguish between inflammatory 
responses arising from different perturbations and aid in rapid and 
reliable assessment of medical conditions in a mass casualty 
radiological scenario and effective triaging.Metabolomics on easily 
accessible biofluids has the potential to provide rapid identification 
and distinction between stressors and inflammatory states. In the event 
of a radiological event, individuals with underlying medical 
conditions could present with similar symptoms to radiation 
poisoning, prominently nausea, diarrhea, vomiting, and fever. The 
purpose of this study was to compare and contrast the metabolic 
profiles of two inflammatory agents, lipopolysaccharide (LPS) and 
ionizing radiation (IR). LPS treatment leads to a severe inflammatory 
response and a cytokine storm, events similar to radiation exposure, 
and LPS can mimic many of the responses seen in sepsis. Mouse urine 
from controls, LPS and irradiated mice with 3, 8, and 15 Gy of  
 
POS30-06. Ionizing Radiation changes microRNA expression in 
an ATM dependent manner. Ricardo Alexandre Leite, M. Wouters, 
K. Derks, N. S. Verkaik, J. Pothof, D.C. van Gent, Erasmus MC, 
Netherlands 
 
MicroRNAs (miRNAs) are small endogenous non-coding RNAs that 
regulate gene expression via translational repression or degradation of 
one or more mRNAs in a target specific manner. MiRNAs affect the 
regulation of genes involved in diverse pathways including 
development, metabolism, apoptosis and cancer. DNA lesions also 
trigger different pathways to repair the damage and this is coordinated 
with processes such as cell cycle regulation and apoptosis, involving a 
large number of proteins. The DNA-damage response (DDR) causes 
gene-expression regulation at the transcriptional and posttranslational 
levels and it has already been shown that UV DNA damage response 
is also regulated at the posttranscriptional level by miRNAs. The 
ATM is a serine/threonine protein kinase involved on DDR induced 
by ionizing radiation. ATM is recruited to the site of double strand 
breaks and is involved in DNA repair, cell cycle control and 
apoptosis. Here we investigate the miRNAs responsive to IR in the 
presence or absence of ATM. We found 20 differentially expressed 
miRNAs after IR, 6 of them were not significantly affected by ATM 
inhibitor treatment. Three of the miRNAs responsive to IR had 
previously been found to be differentially expressed in response to 
UV-light, as well. This includes the well-characterized miR-16, which 
regulates cell cycle checkpoints and apoptosis. These results identify 
new factors in the DDR induced by IR and indicate new ATM targets, 
which may have important functions in ATM signalling pathways. 
Furthermore, the partial overlap of miRNAs responsive to UV and IR 
points to the existence of common as well as unique aspects in the 
regulation of the DDR in response of two different sources of DNA 
damage (UV and IR). 
 
POS30-07. Stochastic Binary Relationship Analysis: A Novel 
Algorithm for Analyzing Radiation Metabolomic Datasets 
Possessing Exceptionally High Noise. Tytus Mak1, E. Laiakis1, J. 
Tyburski1, S. Amundson2, D. Brenner2, C. Barker3, S. Wolden3, A. 
Fornace1, 1: Georgetown University Medical Center, USA, 2: 
Columbia University Medical Center, USA, 3: Memorial Sloan-
Kettering Cancer Center, USA 
 
One of the greatest pitfalls in analyzing biological information derived 
from human subjects is the sheer variability of experimentally 
irrelevant factors that cannot be predicted, much less controlled for. 
This holds true especially in radiation metabolomics, where human 
biofluid samples are typically obtained from cancer patients 
undergoing radiation therapy. Metabolomics, the global study of small 
molecules, offers deep quantitative insight into the metabolome via 
biofluid analysis. However, the aforementioned factors in human 
samples can easily overwhelm attempts to extract relevant information 
from the results, even with the most statistically robust methods of 
reducing noise. This would mar potentially crucial applications such 
as casualty screenings in radiological emergencies. As such, a new 
algorithm, called Stochastic Binary Relationship Analysis (SBRA), 
has been developed with the express intent of extracting biologically 
relevant information from the noisiest of metabolomic datasets. The 
basic idea of SBRA is built upon the binary relationship between two 
metabolites, defined by whether the quantified abundance of one 
metabolite is greater than or smaller than the other. This relationship is 
conferred upon every metabolite detected (numbering in the 
thousands) in a given biofluid sample. The result is the establishment 
of hundreds of thousands of binary relationships for a single sample. 
Every sample in an experimental dataset is reinterpreted in this 
manner and comparisons between samples are made only by 
analyzing the differences in these binary relationships. For this study, 
urine samples were collected from 31 cancer patients at the Memorial 
Sloan-Kettering Cancer Center undergoing total body irradiation prior 
to hematopoietic stem cell transplant. Samples were collected before 
and 4-6 hours after the first fraction of 1.25 Gy. A third sample was 
collected 24 hours after the first sample, after a cumulative dose of 
3.75 Gy was delivered in 3 fractions. Urine metabolomics data were 
acquired by Ultra-Performance Liquid Chromatography coupled to 
time-of-flight mass spectrometry, operated in both positive and 
negative electrospray ionization modes, and pre-processed using 
MarkerLynx software (Waters, Inc.). We developed SBRA using 
these data, from which a list of potential radiation specific biomarkers 
was identified. In comparison, SBRA was able to consistently identify 
biological and statistical markers of significance where more 
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established methods of high dimensional data analysis could not. This 
work was supported by the NIAID Grant 5U19AI067773. 
 
POS30-08. Gene expression analysis in Jurkat cells after exposure 
to I-123-iododeoxyuridine, γ-rays and α-particles. Marcus 
Unverricht-Yeboah1, S. Boldt2, U. Giesen3, E. Pomplun1, O. 
Wolkenhauer2, R. Kriehuber1, 1: Department of Safety and Radiation 
Protection, Forschungszentrum Jülich, Germany, 2: Department of 
Computer Science, Systems Biology and Bioinformatics Group, 
University of Rostock, Germany, 3: Physikalisch-Technische 
Bundesanstalt (PTB), Braunschweig, Germany 
  
Introduction: In order to develop a gene expression profile-based 
method for biodosimetry purposes we used the human p53-deficient 
T-lymphoma Jurkat cell line to study whether gene signatures exist 
allowing the discrimination of radiation quality as well. 
Methods: Equi-effect doses, i.e. radiation doses and exposure 
conditions causing the same biological effect level, were determined 
with regard to micronucleus formation, γ-H2AX foci intensity and 
apoptosis induction for the radiation qualities of γ-rays (Cs-137) and 
α-particles (Am-241) as well as for the Auger electron emitter I-123. 
Prior to the DNA-microarray based gene expression experiments, 
Jurkat cells were either irradiated with 0.8 and 5 Gy γ-rays, 
respectively with 0.1 and 0.5 Gy α-particles or were exposed to 4 - 
200 kBq I-123-iododeoxyuridine (I-123-UdR) per 10E6 cells. I-123-
UdR was incorporated into the DNA of synchronized cells for 20 h. 
After quantification of the cellular uptake the accumulated decays 
were calculated and the absorbed radiation dose was assessed after 3-
D geometry analysis of the cells. RNA-isolation was performed 
always 6 h post-exposure. Whole human genome DNA-microarrays 
(Agilent) were processed and expression profiles were analyzed. 
Genes showing significant expression changes after irradiation were 
identified by one-way ANOVA and Tukey-HSD post-hoc testing. The 
biological functions of significantly regulated genes were further 
investigated. 
Results: Preliminary results of the gene expression analysis after 
exposure to the three investigated radiation qualities indicate that the 
expression of more and different genes is significantly altered after 
exposure to I-123-UdR when compared to γ- and α-irradiation. The 
functional analysis of significantly changed genes reveals that 
apoptosis relevant genes are enriched after exposure to I-123-UdR in 
comparison to γ- and α-irradiation. 
Conclusions: I-123-UdR induces pronounced alterations in gene 
expression when compared to γ-rays and α-particles. Changes in the 
gene expression of p53-dependent apoptosis-related genes were 
observed after I-123-UdR exposure suggesting p53-independent back-
up pathways for apoptosis signalling in Jurkat cells. 
 Funded by Kompetenzverbund Strahlenforschung (KVSF), 
Bundesministerium für Bildung und Forschung (BMBF), Project No.: 
02NUK005A and 02NUK005D 
 
POS30-09. Ciprofloxacin inhibits radiation combined wound 
trauma-induced ATP loss by preserving pyruvate dehydrogenase. 
Joshua Swift, J.T. Smith, J.G. Kiang, Armed Forces Radiobiology 
Research Institute, USA 
 
Background: Ionizing radiation combined with wound injury (RCI) 
increases animal mortality more than ionizing radiation 
alone.  Ciprofloxacin (CIP) is a fluroquinolone, a synthetic antibiotic, 
found in the national stockpile for emergency use and known to 
inhibit bacterial sepsis.  The purpose of this study was to evaluate the 
efficacy of CIP as a countermeasure to RCI mortality and determine 
the signaling proteins involved in energy machinery. 
Methods: B6D2F1/J female mice were randomly assigned to receive 
either 9.75 Gy Co-60 gamma radiation followed by skin wounding 
(RCI) or sham procedures (SHAM).  Either CIP (90 mg/kg q.d.) or 
vehicle (VEH; water) were administered orally to these mice starting 1 
hr after wounding and thereafter daily for 10 days.  Determination of 
ileum ATP was conducted, and immunoblotting for signaling proteins 
involved in ATP machinery was conducted.  
Results: RCI resulted in 60% survival after 10 days as compared to 
100% survival in the SHAM group.  Furthermore, RCI caused 
significant reductions in ileum ATP concentration (-82%) as 
compared to SHAM.  CIP administration after RCI resulted in 100% 
survival and increased ATP (+5-fold) as compared to RCI.  Protein 
levels of heat shock protein 70 kDa (HSP70; a chaperone protein 
involved in ATP synthesis) and pyruvate dehydrogenase (PDH; an 
enzyme complex crucial to conversion of pyruvate to acetyl CoA for 
entrance into TCA cycle) were significantly lower in RCI group (vs. 
SHAM).  Using immunoprecipitation and immunoblotting, HSP70-
PDH complex was found to be present in the ileum tissue of RCI mice 
treated with CIP. 
Conclusion: These data suggest that CIP administration following RCI 
may increase animal survival by maintaining ileum ATP synthesis by 
preserving PDH.  Furthermore, our findings imply that CIP treatment 
may be a valuable therapeutic treatment for RCI. 
 
POS31 Modulation of radiation damage 
 
POS31-01. γ-Tocopherol-N,N-dimethylglycine ester is a potent 
radiation mitigator against bone marrow death of mice induced 
by total body irradiation of X-rays or carbon-beams. Kazunori 
Anzai1, M. Ueno2, K. Matsumoto2, Jiro Takata3, 1: Nihon 
Pharmaceutical University, Japan, 2: National Institute of 
Radiological Sciences, Japan, 3: Fukuoka University, Japan 
 
γ-tocopherol-N,N-dimethylglycine ester (g-TDMG) is a novel water-
soluble vitamin E analog. Since topical application of γ-TDMG 
protected mice against UV-induced skin-damage by 
prevedema/inflammation1), g-TDMG may also prevent damages 
induced by ionizing radiations.  In the present study, we examined 
radiation mitigation activity of γ-TDMG against bone marrow death 
of mice induced by total body irradiation of X-rays or carbon beams. 
All animal experiments conformed to institutional guidelines and were 
approved by the Institutional Animal Care and Use Committee of the 
National Institute of Radiological Sciences. γ-TDMG was suspended 
in 0.5% methyl cellulose solution. Mice (C3H, 10 weeks, male) were 
injected intraperitoneally (i.p.) with γ-TDMG after total body X-
irradiation at 7.5 Gy or carbon-beam-irradiation at 6.0 Gy. The 
mitigation activity was evaluated as the 30-day survival rate of mice 
after the irradiation. γ-TDMG showed potent mitigation activity by 
post-irradiation administration both for X-rays and carbon-beams. For 
X-rays, the optimal concentration of γ-TDMG was 50–100 mg/kg 
body weight (bw). The 30-day survival rate of the mice was 98% 
(n=42) when γ-TDMG (100 mg/kg bw) was i.p. administered 
immediately after the X-irradiation. When administered at 1 h, 10 h 
and 24 h post-irradiation, the survival rate was 86, 75, and 40%, 
respectively. These results showed that it was effective even for the 
administration at 24 h after X-irradiation. When mice were i.p. 
injected with γ-TDMG (100 mg/kg bw) immediately after 6.0 Gy of 
carbon-enting sunburn cell formation, lipid peroxidation, and beam 
irradiation (290 MeV, 6 cm SOBP), the survival of mice was 
significantly increased from 5% to 88% at day. The LD50/30 value was 
6.39 Gy, which gives DRF value of 1.15 compared to control. This 
DRF value was similar to that obtained for X-rays. In conclusion, γ-
TDMG, a vitamin E analog, is a potent radiation mitigator, which is 
very effective even by the administration after exposure to X-rays and 
carbon-beams. 
1) Kobayashi, S., Yakugaku Zasshi, 126, 677-693, 2006. 
 
POS31-02. Screening and identification of ELAVL4 as a 
modulator of radiation sensitivity. Sangwoo Bae, K.J. Choi, 
KIRAMS, South Korea 
 
Identification of modulators of radiation sensitivity provides important 
clues to study cellular responses to ionizing radiation. We combined 
DNA microarray assay and viability assays to identify modulators of 
radiation sensitivity in A549 lung cancer cells. Up-regulated genes 
following irradiation in A549 lung cancer cell line were selected from 
microarray. Real-time RT-PCR analysis confirmed increased RNA 
expression levels of the genes such as ELAVL4, TMPRSS7, PPP3CA 
and ID1. 
Cell viability assays such as clonogenic assay, MTT and FACS 
analysis of cell death, identified ELAVL4 gene as a novel modulator 
of radiation sensitivity. 
ELAVL4 expression was induced following ionizing irradiation. 
Depletion of ELAVL4 gene increased radiation sensitivity of A549 
cells and showed decrease in surviving cell fraction following 
irradiation in clonogenic assay. Enhanced radiation sensitivity of 
ELAVL4-depleted cells was attributable to decreased cell proliferation 
as well as increased apoptotic cell death following irradiation. Thus 
the function of ELAVL4 in relation to radiation sensitivity might be 
regulation of cell proliferation and death. By contrast, depletion of 
TMPRSS7, another gene that showed higher expression following 
irradiation, did not affect radiation sensitivity in that colony forming 
ability of depleted cells showed little difference when compared to 
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control cells. Thus it appears that not all genes that show up-regulation 
after irradiation serve as modulator of radiation sensitivity. 
This approach to identification of modulators for radiation sensitivity 
has several advantages in terms of functional selectivity, stringency 
and time. Further analysis of the modulators such as ELAVL4 should 
find potential use as radiation biomarkers as well as modulators of 
cellular radiation responses. 
 
POS31-03. TGFβ inhibition radiosensitizes multiple cancer cell 
lines in vitro. Mary Helen Barcellos-Hoff, S.F. Bouquet, M.E. 
Hardee, A.E. Marciscano, S. Du, S.C. Formenti, New York University 
School of Medicine, USA 
 
Transforming growth factor β (TGFβ) is a pleotropic cytokine in the 
tumor microenvironment that can promote malignant behaviors, 
including invasion and motility. Clinically, TGFβ is often elevated in 
the plasma of patients with breast and lung cancer and glioblastoma, 
which are routinely treated with radiation, a known activator of 
TGFβ.  We have shown that inhibiting TGFβ activity or signaling 
prior to irradiation inhibits the DNA damage response and increases 
radiosensitivity of non-malignant epithelial cells via blockade of 
ataxia telangiectasia mutated kinase activity (Cancer Res 66:10861, 
2006).  If cancer cells are similarly regulated, then TGFβ inhibition 
could improve the therapeutic effect of radiotherapy.  We screened 
human breast cancer cell lines (MDA-MB231, Hs578T, T47D, MCF7, 
murine 4T1), human non-small cell lung cancer cell lines (NCI-H1299 
and NCI-H292), and glioma cell lines (human U251 and murine 
GL261) for TGFβ sensitivity.  Among the cancer cell lines, only 
Hs578T and NCI-H292 cells were growth-inhibited by TGFβ (500 
pg/ml).  MCF7, MDA-MB-231, 4T1, NCI-H1299, U251, and GL261 
cells were refractory to TGFβ-mediated growth regulation, while 
T47D cells were stimulated by TGFβ treatment. All cancer cell lines, 
irrespective of their sensitivity to TGFβ-mediated growth inhibition, 
phosphorylated SMAD2 following TGFβ exposure, evidence of an 
intact TGFβ pathway.  Radiosensitivity was tested following 24 or 48 
hours of TGFβ inhibition by LY364947, a small molecule inhibitor of 
the TGFβ type I receptor kinase, or 1D11, a monoclonal pan-specific 
TGFβ neutralizing antibody.  Inhibition of TGFβ signaling with 
LY364947 (400 nM) prior to radiation significantly increased 
radiosensitivity measured by clonogenic assay of all cancer cell lines. 
Similarly, TGFβ neutralization using blocking antibody 1D11 (10 
mg/ml) in 4T1 and GL261 also resulted in radiosensitization. These 
data suggest that TGFβ inhibition in combination with radiation 
represents a promising therapeutic strategy.  Supported by funding 
from the NYU Cancer Center and Varian.  1D11 was kindly provided 
by Genzyme. 
 
POS31-04. No protection of the neurogenic niche with systemic 
treatment of amifostine during cranial radiation in rat. Malin 
Blomstrand1, T. Bjork-Eriksson2, K. Blomgren1, 1: Centre for Brain 
Repair and Rehabilitation, Sweden, 2: Department of Oncology, 
University Hospital Lund, Sweden 
 
Radiation to the growing brain causes considerable late toxicity. 
Children that have been exposed to cranial radiation suffer from 
cognitive and learning disabilities throughout life. There has long been 
a debate whether the well-known radioprotector amifostine can protect 
the brain during radiation. Amifostine penetrates the blood-brain-
barrier (BBB) poorly, but delayed CNS toxicity may be caused not 
only through direct damage to the cells in the CNS, but also damage to 
endothelial cells and through sustained inflammation. Some animal 
studies have demonstrated ameliorated tissue damage and improved 
cognitive function after treatment with amifostine before irradiation. 
Our aim was to test amifostine on very young animals, since their 
brains are the most sensitive to cranial radiation, particularly the stem 
cell-rich neurogenic regions. Postnatal day 9 male Wistar rats were 
treated with either 200mg/kg amifostine or saline and exposed to 6 Gy 
cranial irradiation (IR) (4MV photons). Controls were exposed to 
sham IR. The animals where sacrificed 2 weeks post-IR , a time point 
by when the neurogenic granule cell layer (GCL) of the hippocampus 
has reached its full size. After IR, the GCL growth is arrested. The 
brains were cut in 30 µm sections using a sliding microtome and the 
GCL volume was measured using a modified Nissl stain and common 
stereological principles. 
Results: We found no radioprotection of amifostine on proliferating 
neural stem and progenitor cells, as judged by GCL volume. 
Conclusion: Systemic administration of amifostine in tolerable doses 
seems not to protect the neurogenic niche from damage during cranial 
irradiation. 
  
POS31-05. Effect of nicotinamide and nicotinic acid on survival of 
the sublethally irradiated mice and on the development of induced 
metastases. Aneta Cheda1, E.M. Nowosielska1, J. Wrembel-
Wargocka1, J. Gębicki2, A. Marcinek2, S. Chłopicki3, M.K. Janiak1, 1: 
Military Institute of Hygiene and Epidemiology, Poland, 2: Institute of 
the Applied Radiation Chemistry, Technical University of Lodz, 
Poland, 3: Chair of Pharmacology, Jagiellonian University, Poland 
 
Objectives: Instigation and evolution of radiation disorders as well as 
of primary and secondary tumours are often associated with 
inflammation and thrombosis. Nicotinamide (NA) and nicotinic acid 
(NAc) are metabolised in the body to 1-methylnicotinamide (MNA) 
which exerts both anti-inflammatory and anti-thrombotic activities 
based on its effects on the vascular endothelium. Since NA and NAc 
possess vitamin properties their usage should not evoke any serious 
side effects. In view of the above, the aim of the present study was to 
assess potential radio-protective, radio-remedial, and/or anti-
metastatic effects of NA and NAc. 
Methods: The 30-day survival of BALB/c mice was assessed after 
whole body irradiation of the animals with 7.5 Gy γ-rays. The 
numbers of macroscopic tumour colonies were counted in C57BL/6 
mice which were intravenously injected with Lewis Lung Carcinoma 
(LLC) cells. NA or NAc were given to the animals in drinking water 
at 100 mg/kg b.w. daily starting 7 days before, on the day of, or 7 days 
after the irradiation or the injection of the LLC cells and continued 
until death of the animals or end of the observation. 
Results: The survival of mice from groups in which administration of 
NAc started 7 days before, on the day of, and 7 days after the 
irradiation was increased. Also, application of this compound starting 
on each of the three days related to the injection of LLC cells resulted 
in the reduced number of pulmonary tumour colonies. In contrast, no 
such effects were observed in mice given NA. 
Conclusion: The obtained results suggest that NAc, but not NA, may 
exert radio-protective, radio-remedial, and anti-metastatic activities. 
Mechanisms underlying these potential effects  should be elaborated 
in future studies. 
 
POS31-06. Inhibition of macrophages by triptolide mediates 
mitigation of radiation-induced pulmonary fibrosis. Chun Chen, S. 
Yang, M. Zhang, S.B. Zhang, X. Wang, Y. Guo, Y. Tian, L. Zhang, 
Y. Cao, P. Okunieff , L. Zhang, University of Florida Shands Cancer 
Center, USA 
 
Macrophages play a central role in the development of ionizing 
radiation (IR)-induced pulmonary fibrosis. Our previous work 
demonstrated that triptolide (TPL) mitigated IR-induced pulmonary 
fibrosis in C57BL/6 mice, which was related to a decreased number of 
macrophages in lung tissue. To determine the effect of TPL on 
macrophages, RAW264.7 cells (a murine macrophage cell line) and 
primary cultured alveolar macrophages from bronchoalveolar lavage 
fluid (BALF) of normal mice were used in several assays. 1) Since the 
migration of macrophages into lung tissue is essential for IR-induced 
pulmonary fibrosis, we performed the Boyden chamber assay. The 
results showed that monocyte chemotactic protein-1 (MCP-1)-induced 
primary alveolar macrophage migration was significantly inhibited by 
TPL. 2) Since cytokine production plays an important role in the 
processes of pulmonary fibrosis, we performed the enzyme-linked 
immunosorbent assay (ELISA) for various cytokines in cultured 
media.  The results showed that TPL significantly down-regulated the 
levels of tumor necrosis factor-alpha (TNF-α), macrophage 
inflammatory protein-2 (MIP-2), interleukin-6 (IL-6), and 
transforming growth factor beta 1(TGF-β1) secreted by Raw264.7 
cells. 3) Since fibrosis results from the interaction between 
macrophages and fibroblasts, a co-culture of Raw264.7 cells with 
NIH3T3 (a murine embryonic fibroblast cell line) was set up in 
transwell plates.  Raw264.7 cells were seeded into the top culture 
insert of 12-well plates, and NIH3T3 cells were seeded in the bottom 
of the wells. This arrangement allowed for the exchange of factors 
between the 2 types of cells without direct cellular contact. We used 
the Sirius red method to assess the resulting collagen production. The 
results showed that Raw264.7 stimulated the collagen production of 
NIH3T3, which could be inhibited by pretreatment of Raw264.7 with 
TPL. This inhibitory effect on collagen production was related to the 
inhibition of cytokine production by TPL. We concluded 
that:  A) macrophages induced collagen production of fibroblasts 
through cytokines and growth factors; B) TPL inhibited migration of 
alveolar macrophages being recruited into irradiated lung 
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tissue; C) TPL decreased collagen production by reducing cytokines 
and growth factors secreted by macrophages. 
 
POS31-07. Potentiation of acute radiation-induced pneumonitis 
by depletion of TGFβ is associated with upregulation of IL17 + T 
cells. Simon Cheng, Columbia University, USA 
 
Our findings implicate an unexpected role of TGFbeta in suppressing 
radiation-induced pneumonitis, which might be mediated by inhibiting 
inflammatory cytokine IL17 production from gammadelta T cells. 
This study suggests immunomodulation as a potential therapeutic 
option for radiation-induced lung injury.          
 
POS31-08. The Protective Effects of Mitochondrially-directed 
Tempol. Jennifer Dickey1, R. Dantas2, S. Agama2, B. Kalyanaraman3, 
E. Shacter4, A. Rao4, 1: FDA/NCI, USA, 2: FDA, USA, 3: Free 
Radical Research Center, Medical College of Wisconsin, USA, 4: US 
FDA, USA 
 
Tempol is a stable piperidine nitroxide that has been shown to 
function as a reactive oxygen species (ROS) scavenger and a 
superoxide dismutase (SOD) mimetic.  Tempol has been researched 
extensively for both radioprotective and anticancer properties due to 
these known mechanisms of action.  Exposure to radiation can come 
in the form of radiation therapy for cancer treatment, which is used in 
greater than 60% of all anticancer therapies, but which poses a risk to 
normal cells.  Additionally, accidental radiation exposure risks from 
environmental accidents or acts of terrorism have recently garnered 
much concern, and therapies that could efficiently and effectively 
mitigate these dangers are greatly desired. Because most cellular ROS 
stress is derived from the mitochondria, it was hypothesized that by 
targeting tempol directly to the mitochondria, these anticancer and 
radioprotective properties might be enhanced.  Mito-tempol (Mito-T) 
is a tempol moiety conjugated with a triphenylphosphonium group 
that serves to efficiently transport Mito-T into the mitochondria.  We 
have examined the anticancer properties of Mito-T using both in 
vitro cellular based assays as well as in vivo animal studies. We have 
also investigated whether Mito-T is cardioprotective from 
chemotherapeutic treatments in animals.   Finally, cellular based 
assays have been used to assay the general radioprotective potential of 
this compound.  We will present results that indicate that Mito-T 
should be investigated in future in vivo studies for its abilities to 
mitigate the deleterious effects of both accidental and deliberate 
exposures to radiation.  Future work on Mito-T will focus on 
determining the utility and mechanism of this compound. 
 
POS31-09. Characterization of a Non-pharmacological Radiation 
Countermeasure. Joseph Dynlacht, J. Garrett, C. Orschell, M. 
Mendonca, J. Lopez, H. Chin-Sinex, Indiana University School of 
Medicine, USA 
 
The detonation of an improvised nuclear device during a radiologic 
terrorist attack could result in the exposure of thousands of civilians, 
first responders, or military personnel to lethal or potentially lethal 
doses of ionizing radiation (IR).  Unfortunately, most 
radiation  countermeasures are generally ineffective at mitigating the 
effects of IR if administered after exposure, or are effective only 
within a narrow dose range.  There are also logistical problems 
associated with the treatment of mass casualties using existing 
approaches.  Thus, there is an ongoing effort to develop 
countermeasures that would be effective if administered after 
irradiation, are non-toxic, and involve easy deployment and use 
protocols for troops in the field as well as civilian casualties.  We have 
identified a non-pharmacological strategy that is effective at 
mitigating the lethal effects of IR in a mouse model if administered 
after exposure.  We have shown that the creation of a small, non-
debilitating, subcutaneous (SC) wound, if administered shortly after 
irradiation, is a highly effective strategy for preventing death in ~80-
day old female mice that have received an LD50/30 dose of x-rays 
(6.9 Gy total-body exposure).  While only 54% of mice that did not 
receive a wound survived 30 days after the exposure, 91% of mice 
that received a SC wound after irradiation survived.  Although 
modulation of the radioresponse by wounding is not entirely without 
precedent, the data in the literature are somewhat equivocal, and the 
wounds that must be produced are large and require an accompanying 
infection in order to effect mitigation of lethal radiation 
effects.  However, mitigation of radiation lethality after SC wounding 
does not appear to be due to an immunological response to 
infection.  Likewise, an evaluation of hematopoietic damage and 
regeneration of blood-forming elements as a function of time post-
irradiation suggests that the increase in survival in wounded mice 
cannot be entirely attributed to an enhanced recovery of hematopoietic 
elements.  Rather, our preliminary studies suggest that mitigation of 
radiation lethality may be related to the specific temporal pattern of 
changes in the levels of a select group of cytokines. 
 
POS31-10. T-type calcium channel inhibitor mibefradil sensitizes 
glioblastoma cells to ionizing radiation. Barbara Dziegielewska, 
N.C.K. Valerie, S. Anaganti, J. Dziegielewski, J.M. Larner, University 
of Virginia, USA 
 
Glioblastoma multiforme (GBM) is a highly infiltrative high-grade 
central nervous system glial malignacy, characterized by resistance to 
both radiation and chemotherapy. T-type calcium channels are a type 
of voltage-gated calcium channel crucial for normal cell proliferation 
and differentiation; however, they could be also over-expressed or 
aberrantly activated in several human cancers, including GBM. We 
hypothesized that blocking calcium channels with Mibefradil, an 
FDA-approved selective T-type calcium channel blocker, would 
sensitize GBM cells to ionizing radiation. Human GBM cell lines 
U251, U87 and M059K were treated with Mibefradil (0-1 and 
10µM/0-24h), irradiated (0-6Gy) and analyzed for cell proliferation, 
cell cycle distribution, DNA damage response, and cell death 
(clonogenic survival). Our results show that Mibefradil induces cell 
cycle arrest in a dose- and time-dependent manner in GBM cells 
expressing T-type calcium channels. Unexpectedly, the arrest occurs 
not only in G1 phase (as described previously), but also in G2/M phase. 
In addition to cell cycle arrest, Mibefradil alone at higher 
concentrations induces significant apoptotic responses, as shown by 
caspase activation and PARP cleavage. Finally, pretreatment with 
Mibefradil sensitizes GBM cells to ionizing radiation in a synergistic 
manner, resulting in a dose modifying factor (DMF) of 2-3, depending 
on cell line and delivered dose. Our results demonstrate that inhibition 
of T-type calcium channels sensitize GBM cells to radiation, and 
suggest a potential use of Mibefradil (or related calcium channel 
inhibitors) as a  novel therapeutic approach for the treatment of GBM 
patients. 
 
POS31-11. Automated multispectral pattern recognition and 
image analysis of normal tissue immunohistochemistry following 
irradiation. Bruce M Fenton, S.F. Paoni P.D. Kingsley, J.L. Ryan, B. 
Stroyer, E. Hernady, J. Palis, L.M. Calvi, J. Finkelstein, J. Williams, 
University of Rochester Medical Center, USA  
 
Developing beneficial radiation protectors and mitigators in response 
to potential nuclear accidents and bioterrorist actions is a continuing 
priority of numerous federal initiatives. The primary focus of the UR 
Center for Medical Countermeasures Against Radiation (CMCR) is in 
drug development, specifically investigating agents targeted at late 
endpoints following irradiation in four critical organs and tissues: 
lung, brain, skin, and bone marrow. Central to our goal of evaluating 
such agents is the implementation of improved methods for 
quantifying pathophysiological alterations, based on 
immunohistochemical paraffin sections. The Imaging Core of the UR 
CMCR has integrated several sophisticated technologies: 1) the 
NuanceTM multispectral image acquisition system to obtain high-
resolution ―image cubes‖ that incorporate optical spectra acquired 
over wavelengths of 420-720 nm at every pixel of each image. 2) the 
inFormTMpattern recognition software to combine machine learning 
with object recognition and analysis tools, and 3) customized 
ImageProTM image processing software to automate, batch process, 
and further process the resultant pseudo-color images. Examples of 
several indices will be presented encompassing a variety of tissues: 1) 
In bone marrow, we quantify percentage areas of six tissue categories: 
bone matrix, adipocytes, red blood cells, myeloerythroid tissue, 
megakaryocytes, and vascular space, as well as megakaryocyte and 
adipocytes population densities. 2) In skin, we measure dermal and 
epidermal thickness as well population densities of neutrophils, mast 
cells, and T-cells within each sublayer. 3) In lung, we quantify 
resident and recruited macrophage subpopulations in bronchioles 
versus interstitial tissue. Each of these methodologies will be 
presented in greater detail for each of the normal tissues, directly 
contrasting control and irradiated animals. In summary, this 
combination of sophisticated techniques provides a precise, 
nonbiased, and reproducible level of quantification previously 
unavailable in immunohistochemically stained sections. 




POS31-12. Modulation of radiation-induced damage by 
tetrahydrobiopterin: Role of endothelial nitric oxide synthase. 
Sarita Garg1, P.G. Biju1, W. Wang1, K.S. Kumar2, M. Hauer-Jensen3, 
1: Division of Radiation Health, University of Arkansas for Medical 
Sciences, USA, 2: Armed Forces Radiobiology Research Institute, 
Uniformed Services University, Bethesda, MD, USA, 3: Division of 
Radiation Health, University of Arkansas for Medical Sciences, 
Central Arkansas Veterans Healthcare System, Little Rock, USA 
 
Background: In models of vascular disease, BH4 (tetrahydrobiopterin) 
supplementation improves endothelial function by maintaining eNOS 
(endothelial nitric oxide synthase) coupling and NO (nitric oxide) 
production. Gamma-tocotrienol (GT3), a powerful radioprotector, 
reduces early post-radiation vascular peroxynitrite production, an 
effect dependent on inhibition of HMG-CoA reductase and thus likely 
dependent on modulation of eNOS activity that requires the cofactor 
BH4. With the current study we aimed to investigate the extent to 
which eNOS is required for the protective hematopoietic effect of 
GT3 or BH4 following total body irradiation (TBI).  
Methods: Male C57BL/6 (WT) and eNOS knockout (KO) mice were 
exposed to various doses of TBI using a137Cs irradiator. GT3 
(200mg/kg body weight) was administered as a single subcutaneous 
dose 24 hours prior to TBI. Another set of mice were administered 
twice daily either BH4 or NH4 (tetrahydroneopterin) at a dose of 
10mg/kg body weight, intraperitoneally, two days prior and four days 
post-TBI (8.5 Gy). Groups of mice were euthanized at 0h, 1day (d) 
and 4d and segments of proximal jejunum, lung, and peripheral blood 
samples were procured. Lethality, vascular peroxynitrite, peripheral 
blood counts, protein nitrotyrosine levels, and soluble markers of 
endothelial dysfunction were assessed.  
Results: Interestingly, survival studies in eNOS-deficient and control 
mice revealed that eNOS-/- exhibit decreased radiosensitivity. 
Protection by GT3 was partly eNOS-dependent. At d1 post-TBI, BH4 
and NH4 significantly reduced vascular peroxynitrite production in 
KO, whereas, GT3 was effective in both WT as well as KO mice. 
Overall, peroxynitrite production was reduced in KO. Significant 
increase in circulating PAI-1 was noted at d1 post-TBI, while levels of 
E-selectin, MMP-9 and VCAM-1 showed reduction by d4 in both KO 
and WT. 
Conclusion: Enhancing BH4 bioavailability reduces post-irradiation 
vascular oxidative stress. These findings suggest BH4 as a potential 
therapeutic target in the regulation of eNOS in radiation-induced 
vascular dysfunction.  
 
POS31-13. AEOL-10150 (C48H56C15MnN12) as a Mitigator of 
Radiation-Induced Lung Damage in a Rhesus Macaque Model. 
Michael Garofalo, A.M. Farese, A.A. Ward, C.L. Taylor-Howell, 
M.V. Cohen, A.M. Gibbs, T.J. MacVittie, University of Maryland 
School of Medicine, USA 
 
Purpose:  To determine whether post-exposure administration of 
AEOL-10150 (an antioxidant and redox-modulating Mn porphyrin) is 
capable of mitigating potentially lethal radiation-induced lung injury 
(RILI) in the nonhuman primate (NHP), Macaca mulatta.    
Methods: A total of 13 NHP were exposed (thorax only) to a dose of 
11.5Gy, utilizing an average 2MV photon radiation delivered in 
anteroposterior/posteroanterior technique as a single fraction 
prescribed to midplane in the thorax. Following exposure, the 
experimental NHP (n=7) received subcutaneous injections of AEOL-
10150 at 5mg/kg initiated at 24hrs post-exposure and continued once 
daily for 28 days. Controls (n=6) received no drug. All NHP received 
supportive care (including dexamethasone) for a planned in-life study 
of 180 days. The primary endpoint of the study was mortality. 
Secondary endpoints included respiratory rate (RR), oxygen saturation 
of peripheral blood (SpO2), and radiographic lung injury as quantified 
on serial CT scans. 
Results:  All animals developed clinical and radiographic evidence of 
RILI.  Two out of 7 (28.6%) of the AEOL-10150-treated NHP 
survived (180d), whereas no control NHP survived.  All lethality 
observed in the study was a consequence of RILI.  Radiographic 
analysis demonstrated that on average, the AEOL-10150-treated NHP 
developed 28% less volume of pneumonitis and fibrosis than did the 
control NHP.  RR and SpO2 data reflected greater RILI in the controls 
and correlated with radiographic findings. The total dexamethasone 
support required per animal, per day alive, was less in the AEOL-
10150-treated cohort (0.134mg/kg/d) than in the controls 
(0.200mg/kg/d). 
Conclusions:  The results of this pilot study suggest that the catalytic 
antioxidant AEOL-10150 may be effective as a mitigator of 
potentially fatal RILI following a thoracic midplane exposure of 
11.5Gy.  Administration of AEOL-10150 resulted in 28.6% survival 
of the treated cohort following exposure to a dose that was uniformly 
lethal (LD100/180) in the controls. Secondary clinical and radiographic 
endpoints support the efficacy of AEOL-10150 as a mitigator of 
RILI.  The whole-thorax lung irradiation model is a requisite to 
independently study the delayed pulmonary effects of acute radiation 
exposure and assess the efficacy of candidate medical 
countermeasures.  
 
POS31-14. The absence of radiation-induced pulmonary injury 
mitigation by two redox active agents. Leo Gerweck1, P. Leblanc1, 
P. Biggs1, M. Poznansky2, K. Held1, 1: Department of Radiation 
Oncology, Massachusetts General Hospital, USA, 2: Department of 
Medicine, Massachusetts General Hospital, USA 
 
The potential efficacy of two novel therapeutic agents for mitigation 
of radiation-induced pulmonary injury was investigated.  NOV-002 
increases intracellular glutathione and has been reported to reduce Pt 
toxicity.  NOV-205 is an anti-inflammatory and anti-fibrosis agent 
with efficacy in hepatotoxicity studies in rodents and is in clinical 
trials in hepatitis patients.  Both compounds are proprietary 
formulations of oxidized glutathione.Adult C57BL/6 mice were 
irradiated in specially designed micro-isolator cassettes and housed in 
a barrier facility to day 415 post-irradiation, when all surviving mice 
were sacrificed.  Anesthetized mice were treated with single doses of 
0 and 10 to 19 Gy 60Co radiation in 3 Gy increments, with 10-11 
mice per unique radiation dose ± drug combination.  The superior 
inferior dimensions of the irradiation field were 17 mm at full width 
half-max and the 90:50 penumbra was 1.3 mm. Definition of the 
thorax and field alignment were established and confirmed by 
radiographic thoracic simulation.  Animals were irradiated at a 
nominal dose rate of 2 Gy/min at 70 cm SAD.  Within 4 hours 
following irradiation, and then thrice weekly until death, mice were 
subcutaneously injected with drug in saline or saline alone.  Endpoints 
evaluated ± drug were: radiation dose resulting in 50% lethality 
(LD50), lung weight, heart weight, lung hydroxyproline content and 
histologically estimated inflated lung air space. Prior to day 415 post-
irradiation, neither the rates of death nor the LD50 values significantly 
differed between mice treated with saline vs. mice receiving NOV-002 
or NOV-205.  Although significant lung injury was histologically 
apparent in dying mice, no consistent differences were noted between 
drug and saline treated groups.  For surviving mice sacrificed at day 
415, no significant differences were noted between lung weight, lung 
hydroxyproline, heart weight, or inflated lung airspace in mice 
receiving drugs vs. saline.  The redox active compounds used in this 
study have been shown to substantially increase intracellular reduced 
and oxidized glutathione.  They are without effect as mitigators of 
radiation-induced lung injury in this study.     This work was 
supported by NIAID grant # 1RC1 AI081282.    
 
POS31-15. The PPARα agonist fenofibrate prevents fractionated 
whole-brain irradiation-induced cognitive impairment in young 
adult male rats. Dana Greene-Schloesser, A. Peiffer, W. Payne, F. 
Hsu, M. Robbins, Wake Forest Baptist Health, USA 
 
BACKGROUND: Fractionated partial or whole-brain irradiation 
(fWBI) is routinely used for the treatment of primary and metastatic 
brain cancer.  However, more than 50 percent of patients will 
experience some form of cognitive impairment ³6 months to years 
after fWBI.  Previously we have shown that administration of the 
peroxisomal proliferator-activated receptor (PPAR)α agonist, 
fenofibrate, to mice treated with a single dose of 10 Gy WBI 
prevented the radiation-induced decrease in hippocampal neurogenesis 
and inhibited microglial activation (Sriram et al Int J Radiat Oncol 
Biol Phys 2009;.75:870-877).  However cognition was not assessed in 
this study.  In the current study we assessed cognitive outcome in an 
established fWBI rat model to test the hypothesis that continuous 
administration of fenofibrate would prevent cognitive impairment in 
our fWBI rat model. 
METHODS AND MATERIALS: Eighty young adult male Fischer 
344 x Brown Norway (F344xBN) rats, 12–14 weeks old, received 
either: (1) fWBI; 40 Gy of γ rays in 4 weeks, two 5 Gy fractions/week, 
(2) sham-irradiation; (3) fWBI plus fenofibrate (20 mg/kg soft meal 
diet) starting 3 days prior, during, and for 28 weeks post-irradiation; 
and (4) sham-irradiation plus fenofibrate.  Non-hippocampal-
dependent cognitive function was assessed using the novel object 
recognition (NOR) task; hippocampal-dependent cognitive function 
was assessed using the Morris water maze (MWM) task and a 
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delayed-match-to-place version of the MWM task ,26 weeks post-
irradiation.  
RESULTS: fWBI led to a significant decline in cognitive performance 
in the NOR task (p<0.05).  Fenofibrate prevented the fWBI-induced 
decrease in cognition (no significant difference between sham groups 
and fWBI+fenofibrate group, p>0.05). There was no significant 
difference between any of the groups in the standard MWM task at 
any time point. 
CONCLUSIONS: These data provide further support for a role of the 
PPARα agonist, fenofibrate, in preventing fWBI-induced decline in 
cognitive function. Of interest, no difference was seen in the 
hippocampal-dependent MWM between any of the sham and 
irradiated groups; indicating that hippocampal dysfunction may not be 
the impetus for fWBI-induced cognitive decline. Fenofibrate is 
currently approved for the treatment of hypercholesterolemia and 
hypertriglyceridemia and is well tolerated in humans, making it an 
ideal candidate for rapid translation into the clinic as a therapeutic for 
the prevention of radiation-induced cognitive decline, thus improving 
the quality of life for brain cancer patients receiving fWBI. 
 
POS31-16. Immunohistochemical Studies on the Potential Effects 
of Phloroglucinol on Radiation-Induced Injury in Small Intestine 
of C57BL/6 Mice. Danbee Ha1, G. Ahn2, D.S. Kim1, M. Al-Amin1, 
S.J. Park1, I. Hwang1, Y. Jee1, 1: College of Veterinary Medicine, Jeju 
National University, South Korea, 2: Faculty of Marine Life Science, 
Jeju National University, South Korea 
 
Phloroglucinol (PG) is a polyphenol compound isolated 
from Ecklonia cava, a brown algae abundant in Jeju island, Korea. 
Previous reports have suggested that PG exerts antioxidative and 
cytoprotective effects against oxidative stress. In this study, we 
confirmed that PG protected small intestines from damages caused by 
ionizing radiation and investigated its protective mechanism in detail. 
PG (10mg/kg b.w.) was injected intraperitoneally twice into mice, first 
at 18h and then again at 2h, before irradiation (7Gy). At 8.5 day after 
gamma ray irradiation, we performed microcolony survival assay on 
intestinal crypts to investigate the potential effects of PG on the 
proliferation of stem cells damaged by gamma ray irradiation. In 
addition, we investigated the expression level of apoptosis-related 
molecules such as p53,Bax/Bak, Bcl-2 and Bcl-XS/Lin small intestine 
at 1 day after gamma ray irradiation using western blot and 
immunohistochemistry. Regeneration of intestinal crypts in PG treated 
irradiated group was significantly promoted compared to that in 
irradiated controls. The expression level of pro-apoptotic molecules 
such as p53, Bax, and Bak in small intestine was down-regulated and 
that of anti-apoptotic molecules such as Bcl-2 and Bcl-XS/L was 
augmented in PG treated group. On the histological observation of 
small intestine, PG inhibited immunoreactivity of p53, Bax and Bak 
and accelerated that of Bcl-2 and Bcl-XS/L. These results demonstrate 
the protective mechanisms of PG in mice against intestinal damages 
from ionizing radiation, providing the benefit of raising the apoptosis 
threshold of jejunal crypt cells. This research was supported by Basic 
Science Research Program funded by the Ministry of Education, 
Science and Technology (2011-0006016). 
 
POS31-17. Short term changes in MDA and GSH following 
irradiation of rat‘s lens. Maryam Haddadi1, A. Shirazi1, S. Sakhaee1, 
G. Haddadi2, S.A. Kuhpaye2, M.H. Meshkibaf2, 1: Tehran University 
of Medical Sciences, Iran, 2: Fasa University of Medical Sciences, 
Iran 
 
Morbidity of the eye is widely observed in patients receiving total-
body irradiation (TBI) prior to bone marrow transplantation or 
radiotherapy for ocular or head and neck cancers. It is considerable 
that free radicals are naturally produced by some systems within the 
body, as well as ocular tissues, and under normal conditions the 
antioxidant defense system within the body can easily handle free 
radicals that are produced, but gamma-ray exposure causes the 
imbalance between free radical production and the antioxidant defense 
and resulting in oxidative stress conditions. The aim of this study is to 
investigate the effect of irradiation on lipid peroxidation in rat‘s lens. 
Thirty Albino adult female Sprague-Dawley rats were divided into 
three groups. A sham radiation was performed on the rats in group I as 
a control group. Group II received whole cranium 5 Gy of gamma 
irradiation and group III was exposed as the third group, with dose of 
8 Gy. Ten days after irradiation, all rats were sacrificed and their eyes 
were enucleated to measure the biochemical parameters i.e. 
malondialdehyde (MDA) and glutathione (GSH). 
The levels of MDA in the lens tissues were found to be significantly 
higher in irradiation, when compared to control group (p<0.05 for 
irradiation 5 Gy compared to control group and p<0.002 for 
irradiation 8 Gy compared to control group). The levels of GSH in the 
lens tissues significantly decreased after irradiation, when compared 
to the control group (p<0.05 for irradiation 5 Gy compared to control 
group and p<0.001 for irradiation 8 Gy compared to the control 
group). 
These results showed that lipid peroxidation is one of the 
consequences of irradiation in rat‘s lens. This change may disturb the 
function of the lens cells and lead to an increase of light scattering in 
the lens and formation of cataract. The decrease in lens GSH 
concentration after irradiation may be explained by the interaction of 
this antioxidant with free radicals induced through radiation. 
 
POS31-18. The anti-fibrotic activity triggered by the combination 
of pentoxifylline and vitamine E is mediated by TGF-β1 and 
miR210 inhibition. Saad Hamama1, S. Delanian2, V. Monceau1, M. 
Vozenin1, 1: Institut de Cancérologie Gustave Roussy, France 2: 
Hôpital Saint-Louis (AP-HP), France 
 
Introduction: Radiation-induced fibrosis is a frequent late 
complication of radiotherapy. It affects the functions of the organs 
affected and reduces patient‘s life quality. At the molecular level, the 
role of the TGF-β1/Smad signaling pathway in the process of 
radiation-induced fibrogenesis is today well recognized. At the 
clinical level, Pentoxifylline-vitamine E combination has proven its 
antifibrotic activity (Delanian et al, 2003; Hille A et al, 2005). 
Nevertheless the mechanism of action of this combination is still 
unclear and constitutes our main objective. We have speculated that 
this combination could modulate the activity of TGF-β1/Smad 
signaling pathway. SMAD proteins play a dual role as TGFβ1‘s signal 
transducers and transcription factors. In addition recently, in a model 
of vascular smooth muscle cells, Davis et al. showed that SMAD 
proteins control DROSHA-mediated microRNA maturation. When 
showing that the combination effectively inhibited TGF-β1/Smad 
signaling pathway we have opted to study the effect of Pentoxifylline-
Vit E treatment on microRNAs expression profile. 
Materials and Methods: Primary human smooth muscle cells issued 
from radiation-induced fibrosis and healthy tissues were treated with 
Trolox, a hydrophilic analogue of Vitamin E, Pentoxifylline or the 
combination of both of them (10 and 50 µg/ml). Levels of mRNA 
expression were analyzed by qRT-PCR using specific primers. Results 
were normalized to the 18S expression. To study the transcription 
activity of TGF-β1 promoter, cells were transiently transfected with 
luciferase reporter construct containing TGF-β1 full-length promoter 
and a random control vector by electroporation. Protein expression of 
TGF-b target genes was studied by western blot. Finally, microRNAs 
study was realized using Agilent Human v3 (G4471A) miRNA array 
according to manufacturer‘s protocol. 
Results: Combination of Pentoxifylline-Trolox reduced the level of 
mRNA of genes involved in fibrosis and equally known as targets of 
TGF-β1/Smad signaling pathway such as Collagen Iα1, Fibronectin 
and PAI-1. The combination reduced the level of mRNA of TGF-β1 
itself at earlier time point and studying luciferase activity of TGF-β1 
promoter shows that this effect occurs at transcriptional level. In every 
case, Pentoxifylline-Trolox combination was more effective than 
individual treatments. Interestingly, only one miRNA was shown to be 
negatively modulated by Trolox or Pentoxifylline-Trolox treatments: 
this was miR-210, a well-known hypoxia induced miRNA whereas 
HIF1a level remained unchanged. 
Discussion: Our aim was to decipher the molecular mechanisms 
involved in the antifibrotic action of Pentoxifylline and Trolox 
combination. The present results show that the combination trigger 
transcriptional inhibition of TGF-β1 associated with alteration of its 
signaling pathway and ultimately inhibition of genes know to be 
involved in the fibrogenic process including ECM-related genes and 
PAI1. Pentoxifylline and Trolox appear to enhance the activity of each 
other; and the effect of their combination was more potent than any of 
the individual treatments even with higher doses. This synergy offers 
a molecular rational for the clinical use of Pentoxifylline-Vitamin E 
combination. In addition and for the first time, miR210 was shown to 
be involved in radiation-induced fibrogenic process. Trolox and 
combination treatments indeed downregulate mir-210, a unique 
microRNA robustly and ubiquitously induced by hypoxia 
(Kulshreshtha, Ferracin et al. 2007; Chan, Zhang et al. 2009), 
suggesting that PTX/Trolox combination modulates hypoxia or 
induces a normalization of hypoxic zones in fibrotic tissue. .Further 
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investigations are ongoing to decipher the role of mir-210 in RIF in 
relation with hypoxia. 
 
POS31-19. Studies of the effect of a radiation mitigator 
"NorLeu3-A (1-7) (NLE)" gel applied to thermal burns after total 
body irradiation exposure to 2 Gray. Colin Hill1, K. Rodgers2, T. 
Espinosa2, N. Roda2, J. Arangua2, C. Meeks2, G. diZerga1, 1: USC 
Keck School of Medicine, USA, 2: USC School of Pharmacy, USA 
 
Studies were performed using a Guinea-Pig model to ascertain the 
effect of a renin angiotensin system agonist as a mitigator of the 
combined effects of local thermal burns and whole body radiation 
(TBI). 6 to 8 weeks old Guinea Pigs are given 2 Gray TBI of gamma 
rays from an AECL cesium 137 irradiator. One to two hours later with 
the Guinea-Pig under light anesthesia two, 18 mm diameter partial 
thickness burns are induced on shaved skin on the back of the animal. 
Treatments with NLE gel (10 or 100 µg per wound) are begun 
immediately after the burn or at 1, 2, 3 and 4 days later and continued 
on a daily basis for 14 days or until the animal succumbed. Mortality 
of the guinea pigs is analyzed by Kaplan-Meier plots with time for 14 
days. The animals that survived were sacrificed at day 14 and 
histological sections made of the area in the thermal wound zone. 
These were stained with an antibody for Ki67 and the positive cells 
enumerated in the basal epithelium and hair follicles in both the burn 
site, and in the edge of the burn zone. The results show that the 
combination of TBI and two limited size and thickness burns cause 
considerable mortality in the Guinea Pigs perhaps due to infections 
(more than 80% of combined exposure control animals died by day 
14). Treatment with the gel reduced mortality and improved recovery 
in the burn site. The best results were found for a treatment with 10 
ug/wound given between 1 and 3 days after exposure (less than 40 
percent of the animals treated with gel one day after exposure died by 
day 14). The Ki67 results showed improved recovery in epithelial 
cells in the burn site and in the edge of the burn site. The results will 
be discussed in the context of mitigating combined thermal and 
radiation injury both from a mechanistic point of view and from the 
potential use of such a gel after a radiological accident or act of 
terrorism. 
Funding from NIH, 1RC1AI080976 - 01 NIAID. 
 
POS31-20. Survival-modulating effects of meloxicam, a 
cyclooxygenase-2 inhibitor, administered before or after exposure 
of mice to lethal doses of ionizing radiation. Michal Hofer, M. 
Pospíńil, L. Weiterová, Z. Hoferová, Institute of Biophysics, v.v.i., 
Academy of Sciences of the Czech Republic, Czech Republic 
 
Cyclooxygenase inhibitors (inhibitors of prostglandin synthesis, non-
steroidal anti-inlammatory drugs /NSAIDs/) have been repeatedly 
designated to represent a group of interesting modifiers of acute 
radiation damage because of their ability to stimulate 
hematopoiesis.  However, administration of classical NSAIDs, like 
indomethacin, diclofenac, or ibuprofen, inhibiting non-selectively 
both cyclooxygenase-1 and cyclooxygenase-2 (COX-2), is 
accompanied by a high incidence of undesirable side effects on the 
gastrointestinal tract causing, among others, impaired survival of 
experimental mice exposed to lethal doses of ionizing radiation. 
Therefore, selective COX-2 inhibitors, enabling to retain protective 
operation of prostaglandins in the gastrointestinal tissues, have been 
synthesized and have partially replaced classical NSAIDs in clinical 
practice. Recent animal studies have confirmed that meloxicam, a 
selective COX-2 inhibitor, retains hematopoiesis-stimulating effects 
of classical NSAIDs in sublethally irradiated mice. The aim of the 
experiments reported here was to evaluate efficiency of meloxicam in 
modulating survival of mice exposed to lethal doses of ionizing 
radiation. It has been found that administration of meloxicam 
improves survival if the drug is given in a protective regimen 1 hour 
before irradiation or in a therapeutic treatment regimen when given 
very early, i.e. 1 hour after irradiation. Administration of  meloxicam 
24 hour after irradiation has been observed to be ineffective and five 
daily (day 1 to day 5 after irradiation) injections of meloxicam have 
been found to be deleterious. These results emhasize the timing of 
treatment with this COX-2 inhibitor. Favorable outcomes of treatment 
with meloxicam close to the irradiation suggest that the drug affects 
some very early mechanisms of the radiation damage, e.g. apoptosis. 
The work was supported by the Gant Agency of the Czech Republic 
(grants nos. 305/08/0158 and P303/11/0128). 
 
POS31-21. Jeju Water Containing Vanadium Induced Immune 
Activation on Peripheral Immunocytes of Low Dose Gamma 
Rays-Irradiated Mice. Insun Hwang1, D. Ha1, H. Joo1, S. Ahn1, H. 
Kim1, J. Won Hyun2, Y. Jee1, 1: College of Veterinary Medicine, Jeju 
National University, South Korea, 2: School of Medicine, Jeju 
National University, South Korea 
 
Vanadium, a dietary micronutrient, has been reported to present 
interesting biological and pharmacological properties, including 
superoxide and nitric oxide scavenging effects. Low-dose ionizing 
radiation (LDR) triggers DNA damage and causes apoptosis of 
peripheral immunocytes by inducing reactive oxygen species (ROS). 
Here, we elucidate the capacity of immune activation of Jeju water 
containing vanadium against immunosuppression caused by LDR. We 
examined the ROS production, DNA damage, cell apoptosis and 
proliferation of peripheral immunocytes in irradiated mice drinking 
Jeju water of different vanadium concentrations for 180 days; 
V0(vanadium 0 μg/L, control), V1(vanadium 15∼20 μg/L) and 
V2(vanadium 20∼25 μg/L). Compared to V0 control, the ROS 
production was attenuated in peripheral immunocytes of irradiated 
mice drinking V1 and V2. DNA damage of peripheral immunocytes 
caused by LDR was significantly increased in mice drinking V0, 
whereas V1 and V2 dramatically induced the remission of DNA 
damage. Also, V1 and V2 showed the potency to reduce the number of 
apoptotic cells whereas irradiated mice drinking V0 exhibited raised 
number of apoptotic cells. In addition, Jeju water containing vanadium 
(V1and V2) enhanced cell proliferation of peripheral immunocytes, 
which was suppressed by LDR as shown in V0 control. Collectively, 
Jeju water containing vanadium reduced DNA damage and apoptosis 
and induced the stimulatory potential on immunocytes. These results 
suggest that Jeju water containing vanadium sustains immune 
activities under immunosuppression by LDR. This research was 
supported by the Ministry of Knowledge Economy (MKE), Korea 
Institute for Advancement of Technology (KIAT) and Jeju Leading 
Industry Office through the Leading Industry Development for 
Economic region. 
 
POS31-22. Hypo-CpG methylation controls PTEN expression and 
cell apoptosis in irradiated lung. Isabel Jackson, X. Zhang, Z. 
Rabbani, P. Xu, C. Hadley, Z. Vujaskovic, Duke University Medical 
Center, USA 
 
Introduction: Thoracic exposure to accidental or therapeutic radiation 
can result in debilitating or life threatening pulmonary injury. The 
underlying mechanisms associated with radiation-induced lung injury 
are unclear, however, our recent study has shown PTEN-PI3/Akt 
signaling plays an important role in stimulating parenchymal cell 
death in lung tissue post-exposure. The purpose of this study was to 
determine the mechanism by which radiation induces PTEN-mediated 
apoptosis. 
Methods: Female C57BL/6J mice were irradiated with 15 Gy to the 
whole thorax and euthanized at pre-determined time points of 1 and 3 
days, 1, 3, and 6 weeks and 6 months. RNA and genomic DNA were 
isolated from snap frozen lung tissue and evaluated for Nox4 and 
PTEN mRNA expression and DNA methylation of the 5‘ terminal 
sequence of the PTEN gene (-809 to +59) using the EZ methylation 
kit. Paraffin embedded tissue was evaluated for apoptosis (TUNEL), 
8-hydroxy-2-deoxyguanosine (8-OHdG), and histopathology. Western 
blot was performed for Nox4, PTEN, phospho-PTEN, and DNA 
methyltransferases (Dnmt) 1, 3A, and 3B. In vitro experiments were 
performed on cultured endothelial (HUVEC) and bronchial epithelial 
cells (BEAS-2B) for detection of DNA damage (8-OHdG), global 
methylation of genomic DNA, and Nox4 and PTEN mRNA/protein 
expression following treatment with H2O2. 
 Results: Data show continuous and progressive apoptosis in irradiated 
lung tissue across all time points. This correlated to an increase in 
PTEN mRNA and protein levels. The ratio of phospho-PTEN/total 
PTEN  was only slightly decreased suggesting the increase in PTEN 
protein was the result of increased promoter activity rather than post-
translational stabilization. Increase in PTEN mRNA was associated 
with hypo-methylation of the PTEN promoter which did not correlate 
to changes in DNA methyltransferase (Dnmt1, Dnmt3a, Dnmt3b) 
expression, suggesting another mechanism by which PTEN promoter 
activity was increased. An increase in Nox4 and 8-OHdG was 
observed which corresponded to changes in PTEN methylation. 
HUVEC and epithelial cells treated with H2O2 show an increase in 8-
OHdG, hypomethylation, and an increase in PTEN activity. 
 Conclusions: In irradiated lung tissue, oxidative DNA damage via 
Nox4 derived H2O2 impairs the ability of DNA methyltransferases to 
cause methylation of cytosine bases in the PTEN promoter. This leads 
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to persistent upregulation of PTEN, which antagonizes the PI3/Akt 
signal resulting in cell death in the days, weeks, and months after 
thoracic irradiation. The linkage between apoptosis and development 
of radiation-induced pneumonitis and fibrosis will be evaluated in 
future studies. 
 
POS31-23. Effect of HMGB1 on Radiation-Induced DNA Damage 
Repair in Human Fibroblast Cells. Yang Jiao, L. Wang, S. Fan, 
Soochow University, China 
 
Objective: HMGB1 (high mobility group box, 1) is a number of non-
histone nucleoprotein, which is known as an important cytokine 
mediator of inflammation and is involved in the maintenance of 
chromatin stability. In this study, we investigated the effects of 
HMGB1 on the ionizing radiation (IR)-induced DNA damage repair 
in human fibroblast GM0639 cells. 
Methods: Human fibroblast GM0639 cells were transfected with 
HMGB1 siRNA and control siRNA (as a negative control). 
Clonogenic assay was performed to determine cell survival. Double 
strand breaks were detected by -H2AX in-situ immunochemistry 
staining. The DSB repair efficiency was examined by chromatin 
assembly assay. Protein expression was detected by Western blot 
assay.  
Results: Decreased expression of HMGB1 by HMGB1 siRNA 
resulted in a decreased sensitivity of GM0639 cells to   -ray 
irradiation, the N value in GM0639 cells with Control siRNA and 
GM0639 cells with HMGB1 siRNA was 2.35 and 3.94, respectively. 
-H2AX foci formation induced by -ray irradiation significantly 
decreased in HMGB1 siRNA cells compared to  the control cells. An 
increased capability of DSB repair was observed in HMGB1 siRNA 
cells, companied with an up-regulation of the DNA-PKcs, Ku70, 
Ku80, and XRCC4 protein expression. 
Conclusion: These studies indicate HMGB1 may be involved in IR-
induced DNA DSB repair, associated with the regulation of -H2AX 
foci formation and DNA repair protein expression, making HMGB1 
as attractive therapeutic target for cancer radiotherapy in clinic. 
 
POS31-24. Lasting impairment of Th1-related immune responses 
by ionizing radiation and its modulation with HemoHIM. Sung-
Kee Jo1, H. Park1, N. Choi1, U. Jung1, S. Yee2, S. Kim3, 1: Korea 
Atomic Energy Research Institute, South Korea, 2: Sunchon National 
Univerisity, South Korea, 3: Chonnam National University, South 
Korea 
 
We previously reported that the single or fractionated γ-irradiation 
induced the imbalance of helper T (Th) 1- and Th2-related immune 
responses that are associated with many diseases. This study evaluated 
the possibility of HemoHIM to ameliorate an immunological 
imbalance that persisted long-term in fractionated-ionizing radiation 
(IR) exposed mice. The mice were exposed to γ-rays twice a week 
(0.5Gy fractions) for a total dose of 5 Gy. The experiments were 
performed 4 and 6 months after their first exposure. HemoHIM 
ameliorated the lasting imbalance of Th1- or Th2-related immune 
responses that showed up in the fractionated IR-exposed mice. 
Namely, HemoHIM restored the lowered production of interferon 
(IFN)-γ and immunoglobulin (Ig) G2a, whereas restored the high 
levels of interleukin (IL)-4, IL-5, IgG1, and IgE in irradiated mice 
with or without antigen immunization. The NK cell activities as well 
as the percentages of natural killer (NK) cells in the spleen were 
greatly decreased in the fractionated IR-exposed mice. HemoHIM 
administration in the irradiated mice restored the NK cell activities 
despite not changing the percentages of NK cells. Also, the lasting 
low levels of IL-12p70 in the irradiated mice were ameliorated by 
HemoHIM administration. HemoHIM enhanced the phosphorylation 
of STAT4 that was decreased in the irradiated mice. In conclusion, 
our findings suggest that HemoHIM, a new herbal composition, 
ameliorated the lasting impairment of Th1-like immune responses by 
regulating IL-12p70-IL-12 receptor-pSTAT4/SOCS3 signaling 
pathway in irradiated mice and could also be a good recommendation 
for the alleviation of long-term complications after radiotherapy. [This 
study was supported by the Nuclear R&D program of MEST(Grant 
No. 2007-2000091).] 
 
POS31-25. Screening for inhibitory activities of medicinal herbal 
extracts against ionizing radiation-induced premature senescence. 
Uhee Jung, H. Eom, M. Seol, H. Park, C. Roh, S. Jo, Korea Atomic 
Energy Research Institute, South Korea 
 
Cellular senescence, a phenomenon in which isolated cells 
demonstrate a limited ability to divide in a culture is the state or 
process of aging. Ionizing radiation (IR) is well known to induce 
cellular premature senescence and cause a decline in the ability to 
respond to stress, increasing homeostatic imbalance and the risk of 
disease in vitro and in vivo. In this study, we aimed at searching 
medicinal herbal extracts that are effective in reducing radiation-
induced cellular senescence in IMR-90 human lung fibroblast cells. 
First, 759 samples of water or ethanol extracts of medicinal plants 
were tested for inhibitory activities against ionizing radiation-induced 
senescence by fluorescein di-b-D-galacto-pyranoside(FDG) assay, 
which is a fluorimetric method for the quantitative measurement of 
senescence-associated β-galactosidase(SA-β-gal) activity in 96 well 
plates. Through this screening, 18 samples with high inhibitory 
activity against SA-β-gal were selected and their effects were further 
confirmed through X-gal staining method. Next, 18 selected samples 
were examined for their inhibitory effects on radiation-induced 
mtDNA common deletion and p21 expression. Taken together, 5 
samples including Polygalae Radix and Acanthopanacis Cortex 
showed the highest inhibitory effects on SA-β-gal activity, mtDNA 
common deletion, and p21 expression in radiation-induced 
senescence. Therefore, these results suggest that these selected 
extracts may be good candidate agents for the inhibition of IR-induced 
premature senescence. [This study was supported by the Nuclear R&D 
program of MEST(Grant No. 2007-2000091).] 
 
POS31-26. Ciprofloxacin increases survival by modulating serum 
cytokine concentrations in mice after ionizing radiation followed 
by skin-wound trauma. Juliann G. Kiang, N.V. Gorbunov, L.H. 
Cary, G.D. Ledney, T.B. Elliott, Armed Forces Radiobiology 
Research Institute, USA 
 
Ionizing radiation combined injury (RCI) increases mortality more 
than ionizing radiation alone. Examination of pathophysiology shows 
that small intestinal structure is damaged while molecular studies find 
increases in iNOS protein in small intestine, cytokine concentrations 
in serum, and bacterial sepsis. Ciprofloxacin is listed in the Strategic 
National Stockpile for emergency use and known to inhibit bacterial 
sepsis. Herein, we evaluated the efficacy of ciprofloxacin, its function, 
and animal survival after RCI. B6D2F1/J female mice received 9.75 
Gy Co-60 gamma-irradiation followed by the skin-wound trauma. 
Then, ciprofloxacin (90 mg/kg, q.d.) or vehicle (sterile water) was 
administered orally to these mice starting 1 hr after wounding and 
thereafter daily for 10 days. Their survival and cytokine 
concentrations in serum at day 10 were measured. In a separate 
experiment, mice were treated with IL-10 protein (50 ng/mouse, i.v.), 
IL-10 antibody (1 ug/mouse, i.v.), or vehicle 72 hr after RCI, and their 
survival was monitored for 30 days. Mice given ciprofloxacin 
survived 100% (vs. 60% in vehicle group) from RCI at day 10. RCI 
increased IL-1ab, IL-6, KC, IL-9, IL-10, IL-13, TNF-a, G-CSF, GM-
CSF, eotaxin, rantes, and MIP-1ab. Ciprofloxacin inhibited IL-6, KC, 
G-CSF, and rantes, and increased IL-1a, IL-3, IL-5, IL-12(p70), IL-
13, TNF-a, and IFN-g. The altered cytokine profiles may contribute to 
the increased survival after RCI. Therapeutic value of ciprofloxacin 
via cytokines was supported with the finding that IL-10 protein 
treatment improved mouse survival from RCI while IL-10 antibody 
treatment exacerbated it. These results suggest that ciprofloxacin has a 
therapeutic value for RCI. (Supported by NIH/NIAID R33-AI080553 
and YI-AI-5045-04) 
 
POS31-27. Radiation dose protection and mitigation by 
Carbamazepine (CBZ) is autophagy independent. Hyun Kim, M.E. 
Bernard, A. Farkas, M.W. Epperly, D. Shields, H. Wang, F. 
Houghton, T.M. Dixon, D. Franicola, X. Zhang, J.S. Greenberger, 
University of Pittsburgh Cancer Institute, Department of Radiation 
Oncology, USA 
 
Background: Cellular upregulation of autophagy may protect against 
radiation damage. CBZ has been shown to be a radiation protector and 
mitigator in vitro and in vivo. We evaluated the mechanism by which 
CBZ modifies radiation damage. 
Materials and Methods: Mouse hematopoietic progenitor cells 
(32Dcl3) were incubated with either lithium chloride (1 or 10 mM) or 
valproic acid (1, 5 or 10 mM) for 1 hour prior to or immediately after 
irradiation (0 – 8 Gy), and plated in clonogenic survival assay. 
Radiation dose modification by CBZ was evaluated by clonogenic 
assay in Atg5+/+ and Atg5-/- mouse embryonic fibroblasts (MEF) 
deficient for autophagy protein 5 (Atg5). Wild type and Atg5-/- MEFs 
were incubated with 10 uM CBZ for 1 hour prior to or immediately 
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after irradiation. Antioxidant levels were quantified 6 hours after 4 Gy 
irradiation by a commercial kit (Northwest Life Science Specialties). 
Results: Autophagy promoting drugs CBZ, lithium and valproic acid 
were compared. The latter two did not protect or mitigate radiation 
damage in vitro. 10 uM CBZ before irradiation increased the ñ from 
5.4 ± 0.9 to 11.1 ± 0.2 (p = 0.0287) in Atg5+/+ MEFs and from 4.6 ± 
0.7 to 16.1 ± 2.6 (p = 0.0002) in Atg5-/- MEFs. 10 uM CBZ after 
irradiation increased the ñ in Atg5+/+ and Atg5-/- MEFs to 8.8 ± 0.2 
(p = 0.0119) and 9.8 ± 1.5 (p = 0.0037), respectively. Atg5+/+ cells 
incubated with 10 uM CBZ demonstrated a decrease in antioxidant 
levels independent of irradiation (50.0% decrease after 4 Gy 
irradiation and 84.0% decrease without irradiation). In contrast, 
antioxidant levels in Atg5-/- cells were at a lower baseline but were 
not significantly reduced after incubation with CBZ. 
Conclusion: CBZ functions as a radiation dose modifier by an 
autophagy independent mechanism. 
Acknowledgment: This project was supported in part by NIH 
T32AG21885 and NIAID/NIH Center for Medical Counter Measures 
(CMCR) Grant 1U19 A168021. 
 
POS31-28. A novel small molecule activator of Nrf2- A promising 
pharmacological countermeasure to radiation injury. Junghyun 
Kim1, , S. Kumar1, W. Cui2, V. Kumar3, S. Malhotra3, T. MacVitte3, 
R. Thimmulappa1, S. Biswal1, 1: Johns Hopkins University, USA, 2: 
Greenebaum Cancer Center, University of Maryland, USA,  3: SAIC 
Frederick, Inc, National Cancer Institute, USA  
 
Background: Exposure to lethal ionizing radiation causes death by 
damaging hematopoietic and gastrointestinal system.  Ionizing 
radiation induces hematopoietic injury via oxidative stress induced 
cell death of hematopoietic stem and/or progenitor cells. Nuclear 
factor-erythroid 2 p45-related factor 2 (Nrf2) is a redox sensitive 
transcription factor that protects from oxidative stress by upregulating 
a pleiotropic cytoprotective defense program including antioxidants. 
Recently, we identified 2-trifluoromethyl-2‘-methoxychalone (TMC) 
to be a novel potent small activator of Nrf2 pathway.  The objective of 
the current study is two-fold: first, investigate whether Nrf2 is a 
potential drug candidate to mitigate radiation induced mortality and 
second, evaluate therapeutic potential of TMC for mitigating ionizing 
radiation induced mortality. 
Methods: C57BL/6 mice (Wild-type and Nrf2-deficent mice) were 
exposed to total body irradiation (TBI, 7.0Gy (LD30/30) and 7.3Gy 
(LD70/30)) using an AECL Gamma cell 40 irradiator.   To test the 
therapeutic potential, mice were treated with TMC or vehicle 1h or 
24h after irradiation and thereafter every 48h for 15 days by 
gavage.  Survival and hematopoietic reconstitution were evaluated 
over 30 days post-irradiation. Nrf2 signaling was assessed by 
measuring expression of Nrf2 regulated antioxidant genes in small 
intestine at selected time periods after TBI. 
Results:  TBI caused early and greater morality in Nrf2-deficient mice 
compared to wild-type mice.  Nrf2 activity as assessed by expression 
of Nrf2 regulated antioxidant genes, NADPH:quinone reductase and 
glutamate-cysteine ligase  were significantly reduced  in small 
intestine of mice by 24h and beyond in irradiated mice compared to 
sham.  The administration of TMC 1h or 24h after irradiation 
significantly improved 30 day survival of mice compared to vehicle. 
CBC analysis showed a significant recovery of WBC in irradiated 
mice treated with the TMC. 
Conclusion: Nrf2 is critical for survival after irradiation. Activation of 
Nrf2 by our novel small molecule improves survival after lethal 
irradiation.  
 
POS31-29. Suppression by X-ray-induced non-homologous end 
joining of homologous recombination repair can explain radio-
sensitization by post-irradiation treatment with a camptothecin 
derivative. Hiroshi Kimura1, T. Terado1, S. Shinohara1, T. Takemoto1, 
Y. Ezima2, M. Kitano3, 1: Shiga University of Medical Science, Japan, 
2: Prefectural University of Hiroshima, Japan, 3: Meiji University, 
Japan 
 
X-irradiation causes DNA double strand breaks (DSBs) in mammalian 
cells. There are two distinct mechanisms for repair of X-ray-induced 
DSBs, homologous recombination (HR) and non-homologous end 
joining (NHEJ). SN38, an active metabolite of irrinotecan which is 
derived from camptothecin has inhibitory effects on DNA 
topoisomerase I and interferes with DNA replication forks to result in 
DSBs. We found here that sensitivity of Balb/c 3T3 cells to X-rays 
was enhanced when SN38 was administered for 4 hr after X-
irradiation. On the other hand, no radio-sensitization was found in 
DNA dependent protein kinase- (DNA-PK) deficient SC1K cells. As 
it has been shown that camptothecin-induced DSBs are repaired by 
HR, and that DNA-PK is responsible for NHEJ, we concluded that the 
radio-sensitization by SN38 may be due to changes in a balance 
between HR and NHEJ, complementary systems for DSB repair. 
We examined the amount of DSBs, activities of HR and activities of 
NHEJ, using histochemical focus formation assay with antibody to g-
H2AX, Rad51 and pDNA-PK, respectively. Total DSBs at 4h after X-
irradiation well reflected the radio-sensitization by SN38. 
Administration of X-rays in combination with SN38 caused more 
DSBs than administration of X-rays solely in Balb/c 3T3 cells. There 
were no such increases in DSBs in SC1K cells. On the other hand, 
activities of NHEJ (obtained histochemically by counting the number 
of foci sensitive to NHEJ) were reduced in SC1K cells to a half of 
those in Balb/c 3T3 cells, reflecting DNA-PK-deficient characteristic 
of SC1K cells. On the contrary, there were less activities of HR in 
Balb/c 3T3 cells than those in SC1K cells. These facts may mean that 
NHEJ induced by X-rays in Balb/c 3T3 cells suppress HR, hence 
suppressing recovery from SN38-induced DSBs. On the other hand, in 
SC1K cells, X-rays may not have induced enough amount of NHEJ to 
reduce amount of HR, thereby DSBs produced by SN38 could have 
been repaired efficiently. 
It is thus possible that X-ray-induced NHEJ suppress HR, a repair 
mechanism responsible for SN38-induced DSBs, to cause radio-
sensitization by post-irradiation treatment with SN38 in Balb/c 3T3 
cells. 
 
POS31-30. The effects of antioxidants on radiation-induced 
chromosomal damage in cancer and normal cells under radiation 
therapy conditions. Maria Konopacka, J. Rogoliński, K. Ślosarek, 
Maria Sklodowska-Curie Memorial Institute of Oncology, Branch 
Gliwice, Poland 
 
We studied the modulating effects of vitamin C, vitamin E and ferulic 
acid on clastogenic activity of ionizing radiation in lung cancer and 
normal bronchial epithelial cell lines. The study was used a water 
phantom to model radiotherapy of lung tumour in humans, with 
cancer cells located in a beam and receiving a 5 Gy dose, and normal 
cells located outside of the radiation field and receiving 0.2 Gy of 
scattered radiation. The clastogenic effect of radiation was asses using 
the cytokinesis-block micronucleus test. Results indicated that 
treatment with either ferulic acid or vitamin E reduced micronuclei 
frequency in normal cells irradiated outside the beam, while of the 
same time increased micronuclei frequency in directly irradiated 
cancer ones. The effect of vitamin C was concentration-dependent and 
did not vary between normal and cancer cells. The results indicate that 
the use of vitamin E and ferulic acid may augment the efficacy of 
radiation therapy by enhancing the response of cancer cells to the 
radiation and simultaneously the substances can protect the normal 
cells exposed to the low dose of scattered radiation outside the 
radiation field during radiotherapy. 
 
POS31-31. Investigation of the capability of ursolic acid on tumor 
radiosensitization and radioprotection of benign cells. Yuan-Hao 
Lee1, R.D. Glickman2, 1: Radiology Dept., UTHSCSA, USA, 2: 
Ophthalmology Dept., UTHSCSA, USA 
 
Radiation-induced tumor resistance has been known to reduce the 
efficiency of radiotherapy. Also, radiation can cause malignancy 
through energy deposition to biomolecules. To ameliorate or prevent 
the adverse effects of radiation, ursolic acid-stimulated 
immunomodulation is investigated. 
 In this study, UV-VIS light andγ-ray radiation were employed to 
investigate the efficacy of ursolic acid in enhancing tumor 
radiosensitivity while conferring radioprotection to benign cells. Two 
populations of human p53-reactive cells, retinal pigment epithelium 
(RPE) and skin melanoma cell lines were used, comparatively. On the 
aspect of parametric tests, radiation-induced DNA damage was 
demonstrated by Comet assay; cellular oxidative stress, DNA 
synthesis and apoptosis were assessed with DCFH (2,7-
dichlorofluorescin) oxidation assessed by HPLC, BrdU 
(bromodeoxyuridine) staining and apoptosis assay, respectively. 
 On the aspect of mechanistic experiments, immunoprecipitation and 
electrophoresis have been conducted for protein expression analysis. 
Nuclear protein expression in response to UV-VIS irradiation was 
specifically studied in RPE cells, while the cytoplasmic protein 
expression in response toγ-ray irradiation was studied in both RPE and 
skin melanoma cells. 
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 The insults of UV-VIS radiation can lead to DNA breakage and 
cellular apoptosis based on the experimental results using RPE cells. 
Through BrdU staining and DCFH chromatography, ursolic acid was 
found to modulate the cell cycle and inhibit oxidative reactions 
of RPE cells. Remarkably, UV-VIS induced cell death was 
prominently facilitated by ursolic acid treatment of skin melanoma 
cells. The treatment of ursolic acid enormously increased the level 
of p53 and decreased the level of phosphorylated p65 in skin 
melanoma cells. In addition, the inhibitory effect of ursolic acid 
on Nrf2 activation appears to be correlated with the increase of 
oxidative stress in RPE cells. 
 In conclusion, we have found differential signaling modulation 
of ursolic acid on two cell models. Based on the findings of this 
study, we speculate that ursolic acid exercises radiation-
induced genotoxicity on tumor cells while potentiating 
a radioprotective effect on benign cells. 
 
POS31-32. Impact of Alcohol on Radiosensitivity of Cancer Cells. 
Zhao Lin, Y. Jiao, J. Xu, S. Fan, Soochow University, China 
 
Objective: To investigate the effects of alcohol on radiosensitivity of 
human cancer cells. Methods:Clonogenic assay was used to determine 
cell growth; flow cytometry was employed to analyze cell cycle 
progression; DNA damage and repair were determined by DNA 
fragmentation and repair assay. Protein expression was assayed by 
Western blotting. Results: Alcohol at ≤100 mmol/L exhibited no 
significant effects on cell growth in both human breast cancer MCF-7 
cells and human cervical cancer HeLa cells. Compared to c-ray alone, 
the more cell survival was observed in the cells exposed to pre-
treatment with alcohol at ≤100 mmol/L and X-ray irradiation in both 
cell lines. X-ray caused G2/M arrest and DNA damage repair was 
enhanced by pretreatment with alcohol, accompanied with an 
increased radiation-caused apoptosis and a decrease of radiation-
induced DNA damage. Conclusion: Our present studies suggest that 
alcohol at no-cytotoxic doses reduces decrease radiosensitivity of 
cancer cell by mediating cell cycle arrest, apoptosis, DNA damage and 
repair. 
 
POS31-33. The lethal dose response relationship and time course 
of morbidity and mortality in a nonhuman primate (NHP) model 
of the acute gastrointestinal (GI) sub-syndrome of the acute 
radiation syndrome (ARS). Thomas MacVittie1, A.M. Farese2, A. 
Bennett2, E. McFarland3, G. Tudor4, J. Tudor4, T. Shea-Donohue2, W. 
Jackson III, 1: University of Maryland, School of Medicine, USA, 2: 
University of Maryland, USA 3: APG, 4: Epistem Ltd., UK 
 
There is no well characterized model of the GI-ARS in the non-human 
primate (NHP), rhesus macaque, relevant to the human radiation 
response and treatment. A GI-ARS model is a prerequisite for the 
successful development of medical countermeasures (MCM) under 
the criteria of the U.S. FDA ―animal rule‖. NHP, (n=69), were 
exposed to one of eight radiation dose levels ranging between 10.0Gy 
to 14.0Gy. Midline tissue (thorax), bilateral, total-body irradiation 
(TBI) was delivered with average 2MV LINAC-derived photons at 
approximately 0.80Gy/min.  Following TBI, all NHP received 
supportive care comprised of fluids, antibiotics, anti-emetics, 
analgesics, nutrition and whole blood transfusions as per approved 
clinical signs. Hematopoietic and histological (crypt and villi) 
parameters and plasma–based biomarkers were determined during the 
15 day in-life period of the GI-ARS and at necropsy. A subset of NHP 
were terminated at day 7 (n=4) and day 10 (n=4) and day 15 post-TBI 
and non-irradiated NHP (n=4) for jejunum crypt and villus analyses. 
Gross and histological evaluation of both small and large intestine was 
performed.  Mortality within the first 15 days post TBI defined the 
acute GI-ARS. Mortality consequent to TBI resulted in a dose 
response relationship defined by an LD30/15, LD50/15 and LD70/15 
of 10.8Gy, 11.3Gy and 11.9Gy, respectively. Crypt and villus loss 
were dose- and time-dependent. The apparent nadir occurred within 
days 6-7 with noted recovery and crypt proliferation occurring within 
15 days post TBI. Severe myelosuppression was evident in all NHP. 
Febrile neutropenia was noted in 71.2% of the dose cohorts from 10.0 
to 12.5Gy. Transfusions were administered in 50% of the NHP. 
Plasma citrulline levels decreased in all cohorts to approximately 25% 
of normal within 7-9days post TBI.  The GI-ARS model defines the 
dose response in the rhesus macaque and may be used to evaluate 
MCM to treat the acute GI-ARS. 
This work supported by NIAID Contracts #HHSN266200500043C 
and HHSN272201000046C. 
 
POS31-34. Inhibition of constitutive and radiation–induced NF-
κB with DMAPT inhibits cell growth and increases fractionated 
X-ray induced cell killing of pancreatic cancer cells. Marc S. 
Mendonca1, H. Chin-Sinex1, J. Scherer1, M. Kikvidze1, R. Shapiro1, P. 
Crooks2, C.J. Sweeney3, 1: IU School of Medicine, USA, 2: 
University of Kentucky, USA, 3: Dana Farber Cancer Center, Harvard 
University, USA 
 
Pancreatic cancer has a survival rate of less than 5% five years after 
diagnosis. Treatment for pancreatic cancer consists of surgery, 
chemotherapy, and radiation therapy. Despite this multimodality 
approach local regional reoccurrence of pancreatic cancer is common. 
We hypothesize that we could increase the effectiveness of the X-ray 
arm of treatment through inhibition of the transcription factor NF-
kappa-B . NF-kappa-B is highly constitutively active in many cancers 
and makes cancer cells resistant to chemotherapy and radiation. We 
treated AsPc-1, BxPc-3, and PaCa-2 pancreatic cancer cells with 
Dimethyl-amino-parthenolide (DMAPT), a bio-available derivative of 
the natural product parthenolide,  that has been shown to inhibit NF-
kappa-B activity. Treatment of PaCa-2 with 2 microM DMAPT, and 
AsPc-1 and BxPc-3 cells with 15 microM DMAPT induced 
significant cell killing and increased cell population doubling time 
(Tc). DMAPT treatment also increased X-ray-induced cell death for 
fractionated X-ray irradiation (2.5 Gy + DT + 2.5 Gy). Split-dose 
radiation experiments indicated that cell repair is significantly 
inhibited by almost 50% in DMAPT treated pancreatic cancer cells. 
We propose that suppressing the activation of NF-kappa-B after 
radiation exposure with DMAPT prevents the repair of DNA double 
strand breaks which leads to increased cell death in pancreatic cancer 
cells. In summary, we found that DMAPT is an active 
chemotherapeutic agent for pancreatic cancer that increases X-ray-
induced cell death. 
 
POS31-35. Mechanism and treatment strategy of radiation 
necrosis in the brain. Shin-Ichi Miyatake, Osaka Medical College, 
Japan 
 
Purpose: Symptomatic radiation necrosis (RN) is a serious 
problem in the radiotherapy for  brain tumors and head and 
neck cancers.  However the pathophysiology of this is still 
unclear and therefore the treatment or prophylaxis of this is 
unknown.  To disclose the mechanism and to establish the treatment 
strategy, we describe here the possible role of vascular endothelial 
growth factor (VEGF) in RN in the brain using clinical specimens. 
Methods and Materials: 18 surgical specimens of symptomatic RN in 
the brain were retrospectively reviewed. These cases included 
different original histological tumor types and were treated with 
different radiation modalities. Histological analyses were performed 
using hematoxylin and eosin (H&E) staining, anti-VEGF and anti-
hypoxia inducible factor (HIF)-1α immunohistochemistry. 
Results: In all surgical specimens, irrespective of original tumor 
histology and radiation modalities, H&E staining showed marked 
angiogenesis and reactive astrocytosis at the boundary between the 
apparent necrotic area and the normal brain. We described this border 
zone as the ‗peri-necrotic‘ area. The most prominent vasculatures in 
this area consisted of a thin endothelium, mimicking venules, which is 
identified as telangiectasis. Imunohistochemistry indicated that HIF-
1 a was predominantly expressed in peri-necrotic area and the large 
majority of VEGF-expressing cells were the reactive astrocytes 
intensively distributed in this area. 
Conclusions: VEGF produced by the reactive astrocytes localized 
mainly in the peri-necrotic area might be a major cause of both the 
angiogenesis and the subsequent peri-lesional edema typically found 
in RN of the brain. The benefits of anti-VEGF antibody 
(bevacizumab) treatment in RN maybe in inhibiting VEGF secreted 
from the peri-necrotic tissue and that surgery would remove this tissue 
hence both result in effective reduction of edema associated with RN. 
Based on these observation, now we are performing multi-centric 
prospective clinical trial ―Intra-venous administration of bevacizumab 
for the treatment of radiation necrosis in the brain― as Investigational 
Medical Care System approved by Japanese Government. In the 
presentation, let me show the drastic effects of bevacizumab on severe 
RN. 
 
POS31-36. Potential radio-protective, radio-remedial, and anti-
neoplastic activities of 1-methylnicotinamide. Ewa M. 
Nowosielska1, A. Cheda1, J. Wrembel-Wargocka1, A. Marcinek2, J. 
Gębicki2, S. Chłopicki3, M. K. Janiak1, 1: Military Institute of Hygiene 
and Epidemiology, Poland, 2: Institute of the Applied Radiation 
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Chemistry, Technical University of Lodz, Poland, 3: Chair of 
Pharmacology, Jagiellonian University, Poland 
 
Objectives: Disorders instigated by absorption of moderate-to-high 
doses of ionizing radiation as well as development of neoplastic 
tumours are often associated with primary and secondary thrombosis 
and inflammation. 1-methylnicotinamide (MNA) – a primary 
metabolite of  nicotinamide – exerts anti-thrombotic and anti-
inflammatory properties based on its effect on the vascular 
endothelium, the dysfunction of which contributes to evolution of the 
above disorders. Since MNA is non-toxic and very well tolerated its 
usage, even at elevated doses, should not evoke any serious side 
effects. In view of the above, the aim of the present study was to 
compare potential radio-protective, radio-remedial, and anti-metastatic 
effects exerted by various doses of MNA. 
Methods: The 30-day survival of BALB/c mice was assessed after 
whole body irradiation of the animals with 7.5 Gy γ-rays. The 
numbers of macroscopic tumour colonies were counted in C57BL/6 
mice which were intravenously pre-injected with syngeneic Lewis 
Lung Carcinoma (LLC) cells. MNA was given to the animals in 
drinking water at 100, 300 or – for the survival assay only - 500 
mg/kg b.w. daily starting 7 days before, on the day of, or 7 days after 
the irradiation or the injection of the LLC cells and continued until 
death of the animals or end of the observation. 
Results: The survival of mice from groups in which administration of 
MNA at all the three doses started 7 days before or 7 days after the 
irradiation was increased. Likewise, MNA applied at 100 and 300 
mg/kg b.w. exerted a significant anti-metastatic activity when given 7 
days before and 7 days after injection of the tumour cells. 
Conclusion: The obtained results suggest that MNA applied at 100 
and 300 mg/kg b.w. exhibits significant radio-protective, radio-
remedial, and anti-metastatic activities. Mechanisms underlying the 
demonstrated effects of MNA should be elaborated in future studies. 
 
POS31-37. Survival Efficacy of G-CSF and GM-CSF Pegylated 
using a Unique 40kDa PEG Moiety to Increase Half-Life in a 
Murine Model of the Hematopoietic Syndrome of the Acute 
Radiation Syndrome. Christie M. Orschell1, P.A. Plett1, C.H. 
Sampson1, H.L. Chua1, M. Joshi1, S.D. Kane2, R.S. Nelson2, G.N. 
Cox2, 1: Indiana University School of Medicine, USA, 2: Bolder 
Biotech Inc., USA 
 
The growing threat of radiation exposure from terrorist activities and 
increasing use of nuclear power underscores the need for 
countermeasures against ionizing radiation. Hematopoietic growth 
factors (HGF) are recommended therapy for persons exposed to high 
dose radiation, but unfavorable administration schedules involving 
early and repeat dosing limit the logistical ease with which they can be 
widely used. The current study evaluated two new pegylated (PEG) 
HGF developed by Bolder Biotechnology, Inc., PEG-G-CSF analog 
BBT-015 and a PEG-GM-CSF analog BBT-007. These mitigators are 
unique in that their large PEG moiety (40 kDa) imparts a longer half-
life and more potent hematopoietic properties than HGF modified 
with smaller PEGs. To evaluate survival efficacy of these PEG-HGFs 
in a mouse model of Acute Radiation Syndrome, C57BL/6 mice were 
exposed to the LD70/30 or LD30/30 dose of radiation (137Cs, 
62cGy/min) and were injected every other day for 9 doses between 
days 1-17 with either 100ug/kg or 300ug/kg of PEG-G-CSF BBT-015 
or murine PEG-GM-CSF BBT-007. Thirty day survival of mice 
treated with either dose of PEG-G-CSF BBT-015 was significantly 
increased (70.0% and 62.5%, respectively) compared to vehicle-
treated mice (28.2% survival, p<0.001), whereas 30d survival of mice 
treated with murine PEG-GM-CSF BBT-007 was only enhanced with 
the 300ug/kg dose (90.0% vs. 73.7% in controls, p=0.05), but not the 
100ug/kg. To determine if changes in neutrophil nadir or recovery 
correlate with survival, subgroups of mice were bled on day 10 
(during nadir), and on days 20, 25 and 30 (recovery phase). Treatment 
with either HGF did not affect nadir values, but did effect significant 
increases in recovery of neutrophils, erythrocytes, and platelets 
compared with controls (p<0.034). Interestingly, in another study 
documenting survival efficacy of a single dose of PEG-G-CSF BBT-
015 given 24hr post-radiation, recovery of neutrophils at days 20-30 
was less than that observed when 9 doses were given. These data 
demonstrate the potential of PEG-G-CSF BBT-015 and PEG-GM-
CSF BBT-007 to serve as effective medical countermeasures against 
lethal radiation exposure, and begin to illustrate the impact that 
differing administration schedules of HGF can have on neutrophil 
recovery. 
 
POS31-38. FTS (Fused Toes Homolog) modulates radiation 
resistance in uterine cervix cancer cells. Woo-Yoon Park1, A. 
Anandharaj 1, S. Cinghu 1, W. Kim1, J. Yu2, 1: Chungbuk National 
University College of Medicine, South Korea, 2: Konkuk University 
College of Medicine, South Korea 
 
Radiotherapy is the major treatment modality for uterine cervix 
cancer, but in some cases, the disease is radioresistant. Defining the 
molecular events that contribute to radioresistance and progression of 
cancer are of critical importance. Here we evaluated the role of FTS 
(Fused Toes Homolog) in radiation resistance of cervix cancer. 
Immunostaning of cervix cancer cells and tissues revealed that FTS 
localization and expression was changed after radiation. Targeted 
stable knockdown of FTS in HeLa cells led to the growth inhibition 
after irradiation. Radiation induced AKT mediated cytoprotective 
effect was countered by FTS knockdown which leads to PARP 
cleavage and caspase-3 activation leading to cell death. FTS 
knockdown promotes radiation induced cell cycle arrest at G0/G1 and 
apoptosis of HeLa cells with concurrent alterations in the display of 
cell cycle regulatory proteins. This study revealed FTS is involved in 
radioresistance of cervix cancer. Targeted inhibition of FTS led to the 
shutdown of key elemental characteristics of cervix cancer and could 
lead to an effective therapeutic strategy. 
 
POS31-39. Characterization of transgenic Gfrp knock-in mice: 
Implications for BH4 in modulation of radiation response. Rupak 
Pathak1, S. A. Pawar1, P. Gupta2, Q. Fu1, M. Berbée1, P. Biju1, S. 
Garg1, H. Hendrickson2, M. Hauer-Jensen1,4, K. Sree Kumar3, 1: 
Division of Radiation Health, University of Arkansas for Medical 
Sciences, Little Rock, USA, 2: Department of Pharmaceutical 
Sciences, University of Arkansas for Medical Sciences, Little Rock, 
USA, 3: Armed Forces Radiobiology Research Institute, USUHS, 
Bethesda, USA, 4: Surgical Service, Central Arkansas Veterans 
Healthcare System, Little Rock, USA 
 
Background: Tetrahydrobiopterin (BH4) serves as an essential 
cofactor for all three isoforms of nitric oxide synthase (NOS) as well 
as for aromatic amino acid hydroxylases. BH4 bio-availability is 
decreased under oxidative stress conditions, as well as in vascular 
dysfunction, both commonly associated with IR-induced injury. The 
committing step of BH4 biosynthesis via the de novo pathway, the 
conversion of  GTP to 7,8- dihydroneopterin triphosphate, is catalyzed 
by GTP cyclohydrolase I (GTPCH-1).  GTPCH feedback regulatory 
protein (GFRP) inhibits GTPCH-1 activity via the end-product of the 
―de novo‖ pathway, BH4, in a negative feedback fashion. 
We have previously shown that BH4 levels diminish significantly at 
day 3.5 after total body irradiation (TBI) and that exogenous 
administration of BH4 alleviates TBI-induced vascular oxidative 
stress and peroxynitrite formation. Modulation of the BH4 
biosynthetic pathway is thus an attractive target for ameliorating IR-
induced injury.  In this study, the generation and characterization of 
Gfrp transgenic founder lines and their response to TBI will be 
presented. 
Methods:  The flox-stop vector containing Gfrp cDNA was used to 
generate the transgenic Gfrp ―knock-in‖ founder lines in a C57BL/6 
background. The Gfrp transgene was expressed by crossing the Gfrp 
positive founders with EIIa-cre mice. Gfrp expression in lung tissue 
was verified by qPCR analysis.  BH4 levels in plasma and lung tissue 
from the Gfrp transgenic lines were measured by HPLC-MS. Thirty 
day survival was monitored after exposing different lines of Gfrp-
transgenic mice as well as control mice to 8.5 Gy TBI. 
Results: Difference in Gfrp mRNA and BH4 correlated with survival 
studies in the Gfrp transgenic mice.  Thirty-day survival revealed 
variation in radio-sensitivity among Gfrp transgenic mice relative to 
the control group. 
Conclusions:  This is, to our knowledge, the first report of an in 
vivo Gfrp ―knock-in‖ mouse model to modulate the BH4 biosynthesis. 
These studies begin to unravel the role of the BH4 ―de novo‖ 
biosynthetic pathway in modulating radiation lethality. 
 
POS31-40. Erythropoietin mitigation significantly improves 
recovery of the erythroid lineage following sublethal total body 
irradiation. Scott Peslak1, J. Wenger1, J. Bemis2, J. Palis1, 1: 
University of Rochester, USA, 2: Litron Laboratories, USA 
 
The massive steady-state output of the erythron makes the erythroid 
lineage exquisitely sensitive to clastogenic injury; however, the 
mechanisms underlying recovery of the erythron following sublethal 
total body irradiation (TBI) remain poorly defined. We sought to 
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elucidate these mechanisms to provide insight into potential 
therapeutic strategies for treatment of anemia in acute radiation 
syndrome. Following 4 Gy TBI in C57BL/6 mice, functional colony 
assays were utilized to study the erythroid progenitor compartment, 
consisting of immature day 7 erythroid burst-forming units (BFU-E) 
and more mature day 3 BFU-E and erythroid colony-forming units 
(CFU-E).  Imaging flow cytometry and automated blood analysis were 
used to quantify erythroid precursors and circulating erythrocytes, 
respectively.  By 2 days following 4 Gy TBI, greater than 95% of 
erythroid progenitors and precursors in the marrow were lost. 
Following this initial injury, erythroid repopulation was centered on 
specific expansion and maturation of later erythroid progenitors (day 3 
BFU-E and CFU-E). Erythropoietin (EPO) is known to be the primary 
regulator of the erythroid lineage, and day 3 BFU-E and CFU-E form 
the EPO-responsive compartment of the erythron. As a 13-fold 
increase in endogenous plasma EPO levels directly preceded the day 3 
BFU-E/CFU-E expansion seen at 4-6 days post-radiation, we 
hypothesized that EPO directly stimulates day 3 BFU-E/CFU-E 
expansion and subsequent erythroid recovery from radiation injury. 
Mitigation of irradiated mice with 1000 U/kg EPO at 1 hour following 
4 Gy TBI advanced the timing of day 3 BFU-E/CFU-E expansion in 
the bone marrow by 2-3 days. In addition, the accelerated synchronous 
wave of recovery following EPO mitigation very closely mirrored the 
physiological wave of recovery during the endogenous EPO response 
and more rapidly ameliorated the radiation-induced anemia. These 
studies, taken together, indicate that EPO mitigation at 1 hour 
following sublethal 4 Gy TBI significantly improves recovery of the 
erythron by initiating robust expansion and maturation of day 3 BFU-
E/CFU-E. A better understanding of the role of EPO during recovery 
from radiation damage may ultimately lead to improved clinical 
therapies to protect and mitigate the hematopoietic system from the 
effects of acute radiation syndrome. 
 
POS31-41. Suppression of inflammation by apigenin given to mice 
after irradiation. Kanokporn Rithidech1, P. Reungpatthanaphong2, L. 
Honikel1, S.R. Simon1, 1: Pathology Department, Stony Brook 
University, New York, USA, 2: Department of Applied Radiation and 
Isotopes, Kasetsart University, Bangkok, Thailand  
  
Inflammation is one of the major detrimental consequences of 
exposure to radiation. Nuclear factor-kappa B (NF-kB) is a key 
transcription factor known to play a pivotal role in inflammatory 
responses. Hence, reducing levels of pro-inflammatory mediators or 
cytokines by biological countermeasures that target the NF-kB 
pathway would protect exposed individuals from radiation-induced 
inflammation. A great deal of work has been done on the development 
of agents that can protect exposed populations. However, most 
currently known radioprotectors must be applied prior to irradiation, 
making them unsuitable for use in unplanned exposure. Consequently, 
there is an urgent need to find new agents that are more efficient than 
the currently available compounds and that can be used after exposure 
to radiation. 
We determined the efficacy of apigenin (AP, a flavonoid compound) 
against radiation-induced inflammation in mouse bone-marrow-
derived-macrophages (BMDMs) at days 3 and 10 post-irradiation. 
Various concentrations of AP (0, 10, 20, and 40 mg/kg body weight) 
were given (by a single intra-peritoneal injection) to mice 3 hr after 
exposure to 0 or 3 Gy of 137Cs gamma rays. Mice received no 
radiation and no AP served as sham-controls. Levels of NF-kB 
activation and the expression of selected NF-kB target pro-
inflammatory cytokines [i.e. Interleukin 1-beta (IL-1 beta), IL-6, and 
tumor necrosis factor-alpha (TNF-alpha)] were measured in BMDMs. 
We found that AP (given to mice 3 hr after gamma-irradiation) 
significantly reduced levels of activated NF-kB and selected pro-
inflammatory cytokines (i.e. TNF-alpha, IL-6 and IL-1 beta) in 
BMDMs even 10 days post-irradiation. Such beneficial effects were 
AP-concentration dependent. This exceptional anti-inflammatory 
capability suggests that AP could be highly valuable as a therapeutic 
agent against inflammation induced by radiation. Further, the findings 
of such novel mitigative effects of AP in BMDMs provide an impetus 
for the use of AP in counteracting the injury induced by higher levels 
of radiation in other tissue/cell types of exposed individuals. It is also 
important to determine the therapeutic efficiency of AP with different 
intervals between radiation exposure and AP treatment. Research 
funded by School of Medicine, Stony Brook University, Stony Brook, 
New York. 
 
POS31-42. Single Injection of Maxy-G34 is as Effective as 2 or 3 
Injections to Increase 30-Day Survival of Lethally-Irradiated 
Mice? Carol Sampson1, A. Plett1, H.L. Chua1, M. Joshi1, G. 
Yonehiro2, B. Devens3, K. Lenden2, B. Katz1, T.J. MacVittie4, A.M. 
Farese4, C.M. Orschell1, 1: Indiana University School of Medicine, 
USA, 2: Maxygen, USA, 3: Perseidtx, USA, 4: University of 
Maryland School of Medicine, USA 
 
Radiation-induced neutropenia and the ensuing risk of life-threatening 
opportunistic infection are major concerns driving the development of 
effective medical countermeasures (MCM) for treatment following 
lethal radiation exposure. Filgrastim (Neupogen®, Amgen, Inc., 
Thousand Oaks, CA) has demonstrated efficacy to improve neutrophil 
recovery and increase survival in mice and non-human primates 
exposed to lethal radiation doses resulting in the hematopoietic sub-
syndrome of the acute radiation syndrome (H-ARS) [Farese et al, 
Rad. Res. Soc. (meeting abstract), 2009]. However, prolonged daily 
injection of filgrastim will be challenging in a mass-casualty 
emergency scenario warranting the development of an effective MCM 
for H-ARS with an improved administration schedule. Maxy-G34 
(Maxygen, Inc., Redwood City, CA), a pegylated G-CSF compound 
designed specifically to reduce clearance and extend half-life, has 
been evaluated for survival efficacy in a murine model of lethal H-
ARS.  Initial studies demonstrated that 2 injections of 1mg/kg Maxy-
G34 given subcutaneously (SC) on days 1 and 7 post lethal radiation 
exposure (137Cs, 60cGy/min, 796cGy) were as effective as 3 injections 
given on days 1, 7, and 14 to increase 30-day survival [Plett et al, 
Rad. Res. Soc. (meeting abstract), 2008]. We now report that a single 
injection of 1mg/kg Maxy-G34, delivered SC 24hr post-exposure, 
resulted in 100% survival of mice exposed to 796cGy of gamma 
irradiation (p=0.005 when compared to survival of vehicle-treated 
mice, 73.3%). Mice were provided acid water and wet feed in petri 
dishes in filter-top cages and were not administered antibiotics. These 
data illustrate the potential of a single injection of Maxy-G34 as an 
effective MCM against H-ARS and warrants further development for 
use in the event of radiological device detonation or nuclear accident. 
[Funded by NIAID, contract # HHSN266200500043C] 
 
POS31-43. Clinical therapeutic effects of human umbilical cord 
blood-derived mesenchymal stem cells on the radiation-induced 
skin injury in minipig model. Sehwan Shim, W. Jang, S. Lee, Y. 
Ahn, J.A. Lee, J.Y. Yoo, S. Park, S. Lee, Korea Institute of 
Radiological & Medical Sciences, South Korea  
 
Purpose: Mesenchymal stem cell (MSC) is multi-potent and can be 
differentiated into the various cell types. Recently, autologous MSC 
were tried to repair of radiation induced skin burn. But it takes long 
time and needs special techniques to harvest autologous MSCs. To 
overcome these problems, we explore the therapeutic approach using 
human umbilical cord blood-derived mesenchymal stem cells 
(hMSC). 
Experimental procedures: 6 male Göttingen miniature pigs were used. 
High dose-irradiation (100Gy, γ -ray rate 126cGy/min, field size: ∅
5cm, SSD: 80cm, depth: 0.5 cm (bolus 0.5 cm)) was done on both 
thigh. hMSC (5 x 107/time) were locally injected at every week during 
6 weeks. Treated group divided to 2 groups according to starting time 
of hMSC injection: Group I started treatment at 1st week when the 
radiological change is identified. Group II started at 7th week when the 
skin desquamation was occurred. The clinical and radiological 
evaluation was done for injured area. 
Results: Non-treated animals showed a typical clinical evolution after 
a latency phase of 5-6 weeks: early erythema, dry/moist desquamation 
followed by necrosis, and ulcer during experimental periods. In 
ultrasonic inspection, muscle edema and increased vasculature 
appeared earlier than skin changes. Radiological changes occurred 
1st week after irradiation. The hMSC treated animals showed the 
decreased severities and delayed ulcer lesions in injured tissue. 
Especially, early injected groups showed more effective to delayed 
symptoms and decreased severities. 
Conclusions: This study suggested that hMSC can be applied to 
treatment of radiation-induced skin injury. Especially, our results 
demonstrated that the time point of hMSC treatment was an important 
factor to regenerate and protect against radiation-induced skin injury. 
 
POS31-44. Modulation of Genotoxic Effects of Ionizing Radiation 
by MG132, Lactacystine, Celastrol and Geldanamycin. Katya 
Stankova, K. Ivanova, V. Nikolov, R. Georgieva, R. Boteva, National 
Center of Radiobiology and Radiation Protection, Bulgaria 
 
DNA is a critical target of ionizing radiation that induces damages by 
both direct energy deposition (direct effect) and reactions with 
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diffusible water radicals (indirect effect). Double-strand breaks (dsb) 
and clustered DNA damages are considered specific effects of 
ionizing radiation creating deleterious biological consequences. The 
most important tasks of radiobiology are radioprotection of normal 
cells and tissues, and radiosenstization of tumors. The comet assay 
(single-cell gel electrophoresis) is a simple, generally acknowledged 
method for measuring deoxyribonucleic acid (DNA) strand breaks in 
eukaryotic cells. The aim of the study was to analyze the genotoxic 
effect of ionizing radiation in the presence of four biologically active, 
low molecular mass compounds: MG132, lactacystine, celastrol and 
geldanamycin . MG132 and lactacystine are proteasome inhibitors, 
already applied in cancer therapy. Celastrol is a natural product with 
antioxidant properties whereas geldanamycin, possesses antibiotic and 
antitumor activities. We measured the levels of DNA dsb in peripheral 
blood mononuclear cells after in vitro gamma irradiation with doses 
ranging from 0.5 to 8 Gy in the presence of different concentrations of 
each of the compounds and found that each substance in certain 
concentration reduced the genotoxic effects of ionizing radiation. 
 
POS31-45. Quinic Acid Derivatives as Radiomodulatures: 
Mechanism of Action of KZ-41 and Identification of Potent 
Derivatives. Karin Thompson1, P.S. Makena1, K. Zeng2, J. Pagadala1, 
S. Sinclair1, D.D. Miller1, C.R. Yates1, 1: The University of Tennessee 
HSC, USA 2: Kronos Science Laboratory, USA 
 
Purpose:  We have previously reported that the novel quinic acid 
derivative KZ-41 is a safe and effective radiomitigator eliciting 
activity by inhibiting activation of Caspase-3 and/or Caspase-7.  Our 
aim was three-fold:  1) Further evaluate the radiomitigating effect and 
mechanism of KZ-41  2)  Investigate the enhanced radiomitigating 
potential of an anti-oxidant linked KZ-41 ester  in a high-throughput 
screen, and 3)  Determine if ester lability is related to radiomitigant 
efficacy. 
Methods:  Compounds were screened (1 µM) using a previously 
described U937 cell conditioned medium (CM) transfer 
experiment.  CM was collected 24 hours after irradiation of 7Gy, and 
transferred onto proliferating cells ± treatments for 24 hours.  Cells 
were washed and analyzed.  Western blots were prepared to evaluate 
total and cleaved Caspase-3 (KZ-41 treated).   Caspase-3/7 and 
Caspase-8 were measured using a luminescent based assay.  In vivo 
30-day mortality was evaluated in irradiated mice (female, 10-12 
weeks, 6.5 Gy, KZ-41 treated).  Quinic acid ester (QAE) derivatives 
were tested as intact molecules and broken at the ester 
bond.   Chemical and enzymatic stabilities were evaluated in buffer 
and plasma respectively, and quantified via HPLC and/or LC-MS/MS. 
Results:  Radiation caused a time-dependent increase in cleaved 
Caspase-3.  Treatment with KZ-41 reduced radiation-induced cleaved 
Caspae-3 in a dose dependent manner (1-100 µM) which is due in 
part, to inhibition of Caspase-8. KZ-41 (100 mg/kg, SC, +24 hrs) is 
also a potent radiomitigator in vivo with a 40% survival advantage 
over vehicle 30 days post lethal total body irradiation (LD80/30, 6.5 
Gy, 137Cs).  QAE derivatives showed a range of efficacy in inhibiting 
activation of Caspase-3/7.  The position of the ester bond affected the 
anti-apoptotic activity in vitro as well as the chemical and enzymatic 
labiality of the compounds. 
Conclusions:  Our latest data with KZ-41 confirms a mechanism of 
action disrupting the caspase-mediated apoptotic pathway upstream 
ofCaspase-3, and demonstrates in vivo efficacy (~40% survival 
advantage).  Quinic acid derivatives provide an attractive scaffold for 
radiomitigant development, and the addition of antioxidant activity 
offers the potential for enhanced efficacy.  Based on these findings, 
we hypothesize that the release kinetics of the quinic acid derivative 
from the antioxidant moieties can be modulated, effectively enhancing 
radiomitigating activity after a single dose.  In vivo pharmacokinetic 
studies are underway to verify that the stability phenomenon translates 
to a physiological system. 
 
POS31-46. Administration of histone deacetylase inhibitor 4-
Phenylbutyrate ameliorates radiation-induced lung injury. Lei 
Wang, N. Devipriya, T. Melo, W. Zhao, Wake Forest School of 
Medicine, USA 
 
Lung cancer is a major health problem worldwide and is one of the 
leading causes of cancer-related deaths in men and women.  About 
225,000 new cases of lung cancer are anticipated in 2011, and 
~160,000 deaths occur annually in the USA.  Although considerable 
effort has been devoted to developing preventive/mitigation strategies 
for modulating radiation-induced lung injury, concerns about tumor 
protection and toxicity have limited their clinical application.  Recent 
studies indicate that HDAC inhibitors, a class of anti-cancer drugs, 
have therapeutic benefits for treating inflammatory diseases and 
fibrotic lesions.  In our studies, we have determined the effect of 
thoracic irradiation on the lungs of FVB/N mice.  Survival data 
showed a dose-dependent increase in morbidity following thoracic 
irradiation (WTI) with single (11-13 Gy) and fractionated doses (18-
36 Gy) of 137Cs g-rays.  Histological examination showed a thickening 
of vessel walls, accumulation of inflammatory cells, collagen 
deposition, and regional fibrosis in lungs at 4.5 months postirradiation 
with a single dose of 11 Gy.  To test if administration of histone 
deacetylase (HDAC) inhibitors can prevent radiation-induced lung 
injury, 8 weeks old female FVB/N mice were divided into 3 groups, i] 
non-irradiated controls, ii] irradiated with a single dose of 11 Gy WTI, 
and iii] 11 Gy WTI + 200mg/kg 4-Phenylbutyrate (PBA).  PBA was 
given daily by subcutaneous injection starting 3 days prior to 
irradiation and continuing for 28 days postirradiation; WTI and sham-
WTI control mice received an equal volume of saline injected 
daily.  At 2 to 4.5 months postirradiation, breathing rate was measured 
using a Mouse-OX device.  WTI led to a significant and persistent 
increase in breathing rate starting from 3 to 4.5 months 
postirradiation.  Administration of PBA effectively ameliorated 
radiation-induced increase in breathing rate.  PBA treatment also 
decreased the hydroxyproline levels in the lungs of irradiated mice 
when compared to non-irradiated control, determined at 4.5 month 
postirradiation. Our data suggest that HDAC inhibitors can 
prevent/ameliorate late radiation-induced lung injury.   
 
POS31-47. 1,4-dimethylpyridine and 1-methyl-3-acetylpyridine as 
potential radio-protective, radio-remedial, and anti-metastatic 
agents. Jolanta Wrembel-Wargocka1, A. Cheda1, E.M. Nowosielska1, 
J. Gębicki2, S. Chłopicki3, A. Marcinek2, M.K. Janiak1, 1: Military 
Institute of Hygiene and Epidemiology, Poland, 2: Institute of the 
Applied Radiation Chemistry, Technical University of Lodz, Poland, 
3: Chair of Pharmacology, Jagiellonian University, Poland 
 
Objectives: Disorders caused by the short-term absorption of more 
than 1 Gy of ionizing radiation and development of tumour metastases 
are both associated with primary and secondary inflammation and 
thrombosis. 1,4-dimethylpyridine (1,4-DMP), a pyridinium salt 
formed during coffee roasting, and 1-methyl-3-acetylpyridine (1,3-
MAP), a synthetic analogue of NAD+, exert both anti-inflammatory 
and anti-thrombotic properties based on their effects on the vascular 
endothelium. In view of the above, the aim of the present study was to 
assess potential radio-protective, radio-remedial, and/or anti-
metastatic effects of 1,4-DMP and 1,3-MAP. 
Methods: The 30-day survival of BALB/c mice was assessed after 
whole body irradiation of the animals with 7.5 Gy γ-rays. The 
numbers of macroscopic tumour colonies were counted in C57BL/6 
mice which were intravenously injected with Lewis Lung Carcinoma 
(LLC) cells. 1,4-DMP or 1,3-MAP were given to the animals in 
drinking water at 100 mg/kg b.w. daily starting 7 days before, on the 
day of, or 7 days after the irradiation or the injection of the LLC cells 
and continued until death of the animals or end of the observation. 
Results: Administration of 1,4-DMP significantly increased the 
survival of mice from all the three tested groups, but the effect was 
most pronounced when the administration started on the day of the 
irradiation, whereas application of 1,3-MAP significantly increased 
the survival of mice when the administration started 7 days after the 
irradiation. In contrast, the anti-neoplastic activity of 1,4-DMP was 
significantly expressed only when the compound was given 7 days 
before the injection of LLC cells, whereas similar activity of 1,3-MAP 
was significant in mice from all the three tested groups. 
Conclusion: The obtained results suggest that 1,4-DMP exerts radio-
protective, radio-remedial, and anti-metastatic activities, whereas 1,3-
MAP shows only radio-remedial and anti-metastatic activities. 
Mechanisms underlying the demonstrated effects of 1,4-DMP and 1,3-
MAP should be elaborated in future studies. 
 
POS31-48. Coming to a Consensus on Selecting the Most 
Appropriate Mouse Models for Studying Medical 
Countermeasures against Radiation Injury to the Lung. Zeljko 
Vujaskovic1, I.L. Jackson1, J. Down2, 1: Duke University Medical 
Center, USA, 2: Harvard–Massachusetts Institute of Technology 
Division of Health Sciences and Technology, USA 
 
The development of animal models is a key element in the successful 
implementation of medical countermeasures (MCs) directed against 
radiological threats. In 2002, the FDA amended its regulations (21 
CFR 314.600 for drugs and 21 CFR 601.90 for biologics), commonly 
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referred to as the „Animal Rule,‖ to permit approval or licensure of 
MCs in the U.S. based on substantial evidence of effectiveness in 
animals.  Because the inference of efficacy in humans is based on data 
derived from animals, it is of paramount regulatory importance that 
radiation injury reasonably reflects the pathogenesis, pathophysiology 
and delayed effects of radiation exposure as anticipated in a human 
population. Wide-field radiotherapy and accidental nuclear incidents 
have already shown that the human lung is very intolerant to radiation 
and where an acute inflammatory pneumonitis reaction becomes 
particularly life-threatening at 2 to 6 months when substantial volumes 
of pulmonary tissue are exposed.  A large body of data has now been 
accumulated employing whole thorax irradiation of mice to reveal a 
very diverse progression of lethal injury among different genetic 
strains that encompasses variations in sensitivity and latency of severe 
compressive pleural effusions as well as of pulmonary pathology 
(pneumonitis and fibrosis). In many mouse strains (e.g. BALB/c, A/J 
and C57BL/6), the effusions can interfere with evaluation of direct 
lung pathology and negates the usefulness of such mouse strains in 
meeting the FDA ―Animal Rule‖.  CBA and C3H strains, on the other 
hand, appear to be adequate models for evaluating radiation 
pneumonitis, accepting that late pleural effusions prevent long-term 
evaluation of chronic injuries and may be brought forward in time on 
raising the radiation dose. Studies on the C57L mouse strain have the 
advantages by exhibiting salient pneumonitis at lower radiation doses 
that are closer to that predicted for our own species and enable the 
subsequent monitoring of pulmonary fibrosis without effusions. A 
major disadvantage is their limited availability thus a compromise 
may be required that involves prudent use of the C57L strain in 
essential studies with supporting data coming from either CBA or 
C3H mice. The usefulness of genetic crosses that retain preferred 
radiobiological phenotypes from C57L mice remains to be explored. 
 
POS31-49. Order effect of base excision processes to repair 
clustered DNA damage. Akinari Yokoya1,2, I. Shiraishi1,2, N. 
Shikazono1, 1: Japan Atomic Energy Agency, Japan, 2: Ibaraki 
University, Japan 
 
In a living cell, a multiply damaged site consisting of SSBs, 
nucleobase lesions and AP sites is thought to be repaired by several 
different repair pathways simultaneously or sequentially. Under this 
situation the final cellular response to the lesion cluster might depend 
on the order of repair processes because the configuration of the 
lesions will be modified by the reaction of the initial repair protein, 
affecting the DNA-binding or lesion-excision activities of the latter 
repair protein (interference effect of DNA repair processes). For 
example, a cluster comprised of an AP site or SSB and base lesions is 
formed after one of the nucleobase lesions in a nucleobase lesion 
cluster is exicesd by a glycosylase protein. Theoretical molecular 
dynamics simulation study showed that SSB proximately located 8-
oxo-guanine could inhibit the binding activity hOGGI (Higuchi and 
Pinak, 2010). In this study, we investigate how the initial enzymatic 
repair affects the activity of the latter repair enzyme. X-irradiated 
plasmid DNA (pUC18) is treated with three glycosylases, 
endonuclease III (Nth), formamidpyrimidine DNA glycosylase (Fpg) 
and endonuclease IV (Nfo). Nth and Fpg and Nfo convert pyrimidine 
and purine lesions to an SSB by their glycosylase and AP lyase 
activities. Nfo recognizes and converts an AP site to induce an SSB. 
The enzymatic activities of the proteins are quantified by measuring 
the conformational changes of the plasmid using agarose gel 
electrophoresis. The order effect of enzymatic treatments has not been 
observed for the DNA sample irradiated with low LET X-rays and 
carbon ions (19 keV/mm), indicating that these relatively low LET 
radiations does not produce nucleobase lesions or AP sites within a 
few base pairs. We will present data much higher LET ion-irradiation 
to examine the possibility of the interference effect of DNA repair 
processes at a clustered damage site. 
 
 
POS32 Nonionizing radiation 
 
POS32-01. UV-induced replication fork collapse in DNA 
polymerase η deficient cells is independent of the MUS81 
endonuclease. Marta Deperas-Kaminska1, I. Elvers1, F. Johansson1, 
N. Schultz1, A. Wojcik1, T. Helleday2, 1: Department of Genetics, 
Microbiology and Toxicology, Stockholm University, Sweden, 2: 
Gray Institute for Radiation Oncology & Biology, University of 
Oxford, UK 
 
The MUS81 endonuclease was initially identified in resonse to UV 
and MMS lesions, and has been implicated in replication fork collapse 
after exposure to cross-linking agents. After stalling of replication 
forks by hydroxyurea treatment, the forks collapse independently of 
MUS81 but the endonuclease is required for replication fork restart. 
However in cells deficient in the Werner helicase, MUS81 is needed 
for collapse of replication forks after hydroxyurea treatment, 
indicating that the endonuclease might play a role in replication fork 
collapse in cells with impaired replication. UV irradiation induces 
DNA damage that physically block replication fork elongation but 
may be bypassed by translesion synthesis polymerases. Here we have 
investigated the role of MUS81 after UV irradiation of human 
fibroblasts deficient in Polη, and restored (wild-type) cells. We show 
that in wild-type cells, depletion of MUS81 does not affect survival 
after UV irradiation. However in Polη deficient cells, MUS81 
depletion further lowers the survival after exposure to UV. In spite of 
this, replication forks collapse in UV irradiated Polη deficient cells 
independently of MUS81. 
 
POS32-02. The Role of Tight Junction in Electromagnetic Pulse-
Induced Blood-Brain-Barrier Opening. Gui-Rong Ding, L. Qiu, Y. 
Zhou, X. Wang, Y. Li, G. Guo, Fourth Military Medical University, 
China 
 
Electromagnetic Pulse (EMP) is a short high-voltage pulse with an 
extremely fast rising time and a broad bandwidth. This kind of signal 
can be generated by nuclear bomb explosion. EMP signals also exist 
in certain occupational conditions, for example, Pulse Power 
Technology Lab, in which the strong electrical field apparatus such as 
high pressure gas switch and Tesla transformer generator can generate 
EMP. The unusual properties of EMP have raised concerns about their 
biological effects and possible health hazard to humans, especially to 
some workers or researchers who work with or can be exposed to this 
kind of electromagnetic field in their working environment. In our 
previous study we found that brain is one of the sensitive target of 
EMP, under certain conditions, EMP exposure could increase the 
permeability of rat Blood-Brain Barrier (BBB). However, the 
mechanism is unclear. Since Tight Junction (TJ) between brain 
endothelial cells plays an important role in maintaining the integrity of 
the BBB. In this study, we investigated the role of TJ in EMP-induced 
BBB opening and its mechanism 
Adult male SD rats were sham or whole-body exposed to EMP at 200 
kV/m for 200 or 400 pulses. The permeability of BBB in rat cerebral 
cortex was examined by using Evans Blue (EB) and lanthanum nitrate 
as vascular tracers. The localization and expression of TJ proteins 
(ZO-1, occludin) and cytoskeleton protein (actin) were assessed by 
Western Blotting and immunofluorescence analysis, respectively. It 
was found that comparing to sham group the BBB permeability began 
to increase at 0.5 h after EMP exposure, and reached the peak at 3h 
after EMP exposure, then began to recover at 6 h, and finally 
recovered to sham levels at 12 h after EMP exposure. Transmission 
electronic microscopic (TEM) examination showed that the 
predominant route of lanthanum extravasation was by the 
interendothelial pathway. In addition, we found that the expression 
level of ZO-1 in both cerebral cortex homogenate and cerebral cortex 
microvessel homogenate was significantly decreased at 1 h and 3 h 
after EMP exposure. The immunofluorescence assay showed that the 
staining intensity for ZO-1 appeared to be reduced after EMP 
exposure, and this is consistent with Western Blotting data. In 
addition, the alterations in ZO-1 protein localization occurred in 
cerebral cortex microvessel after EMP exposure. In sham animals, 
ZO-1 showed a predominant pattern of continuous staining along the 
margins of cell–cell contact. However, at 3 h after EMP exposure, 
ZO-1 lost its distribution in continuity and well defined filaments. 
Immunofluorescence and Western-Blotting analysis documented no 
significant alterations in the immunoreactivity or the expression of 
occludin and actin in cerebral cortex of rats exposed to EMP. 
Therefore, the data obtained from our investigation indicated changes 
in both ZO-1 expression and the cellular localization were associated 
with increased BBB permeability after EMP exposure. 
It was reported that PKC was associated with BBB permeability as 
well as BBB TJ proteins translocation under pathological conditions. 
To determine the role of protein kinase C signaling in EMP-induced 
BBB permeability change in rats. The protein level of total PKC and 
two PKC isoforms (PKC-α, and PKC-βⅡ) were determined in brain 
cerebral cortex microvessels by Western Blotting after exposing rats 
to EMP at 200 kV/m for 200 pulses with 1 Hz repetition rate. It was 
found that the protein level of PKC and PKC-βⅡ (but not PKC-α) in 
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cerebral cortex microvessels increased significantly at 0.5 h and 1 h 
after EMP exposure compared with sham-exposed animals and then 
recovered at 3 h. A specific PKC antagonist (H7) almost blocked 
EMP-induced BBB permeability change. EMP-induced BBB tight 
junction protein ZO-1 translocation was also inhibited. Our data 
indicated that PKC signaling was involved in EMP-induced BBB 
permeability change and ZO-1 translocation in rat. 
Matrix metalloproteinases (MMPs), in particular gelatinases (MMP-2 
and MMP-9), play a key role in degradation of tight junction proteins, 
are known mediators of BBB compromise. We hypothesized that the 
EMP-induced BBB disruption contributed to the degradation of ZO-1 
by gelatinases. To test this hypothesis, levels of MMP-2, MMP-9 and 
tissue inhibitor of metalloproteinases (TIMP-1 and TIMP-2) were 
detected in rat cerebral cortex after exposing rats to EMP at 200 kV/m 
for 200 pulses. It was found that the protein levels of MMP-2 and 
MMP-9 significantly increased at 3 h and 0.5 h respectively. 
However, TIMP-1 (inhibitor of MMP-9) and TIMP-2 (inhibitor of 
MMP-2) only moderately increased after EMP exposure. In addition, 
In situ zymography results showed that the gelatinase activity 
increased in cerebral microvessels at 3 h after EMP exposure. When 
rats were treated with gelatinases inhibitor (SB-3CT) before EMP 
exposure, the EMP-induced BBB disruption was attenuated and the 
ZO-1 degradation was reversed. Our results suggested that gelatinase 
mediated EMP-induced BBB disruption by degrading ZO-1. 
In general, these results indicated that: TJ injury played an important 
role in EMP-induced BBB opening; changes in both ZO-1 expression 
and the cellular localization were associated with increased BBB 
permeability after EMP exposure; PKC signaling was involved in 
EMP-induced BBB permeability change and ZO-1 translocation in rat; 
gelatinase mediated EMP-induced BBB disruption by degrading ZO-
1. 
 
POS32-03. The study of biological action of infrared light on mice 
and their offspring. Alsu Dyukina, S. Zaichkina, O. Rozanova, S. 
Romanchenko, G. Aptikaeva, S. Sorokina, Institute of Theoretical and 
Experimental Biophysics of RAS, Russian Federation 
 
In the last decade, the phenomenon of adaptive response (AR) has 
attracted considerable attention of investigators. It is considered as a 
form of cell defense from mutagenic action of different factors. 
Therefore the search for adaptogens of physical and chemical nature 
which are able to transform the organisms to a new adapted state 
similarly as low doses is an actual problem. Various devices, based on 
the action of electromagnetic waves of the infrared subspectrum are 
currently used in clinical practice. 
The aim of the present work was to investigate biological action of 
infrared light (IRL) (850 nm, 22 mW/cm2, 101 Hz) on the induction of 
adaptive response in hemopoietic organs (bone marrow cells, thymus) 
and Ehrlich carcinoma growth rate on mice and their offspring (F1, 
F2). 
White mongrel SHK male mice were irradiated by IRL at a 
wavelength of 850 nm, modulated by a frequency 101 Hz (22 
mW/cm2). To induce the AR used the standard scheme of radiation 
(0.1 Gy + 1.5 Gy). The level of cytogenetic damage was assessed in 
bone marrow cells using a micronucleus test. The influence of the 
adaptive exposures on the tumor growth was estimated by measuring 
the size of the tumor at different times after the inoculation of ascitic 
cells into the femur. 
Our study demonstrated that exposure of mice to IRL as well as low 
doses of X- and γ-rays, induced AR in bone marrow cells obtained by 
micronucleus test, remained unchanged thymus weight after 
irradiation with a challenging dose (1.5 Gy) and decreased tumor 
growth rate. 
In mice of the F1 and F2 generations born from males that were 
irradiated of IRL radiosensitive to influence of a high dose decreased 
in bone marrow cells and AR was absent. Thymus weight decreased 
on the thymus weight level of mice exposed only to a dose of 1.5 Gy. 
In two generations produced from males that were irradiated of IRL 
the tumor growth rate did not differ from that of the offspring from 
unirradiated males. 
The obtained experimental data demonstrate the protective effects of 
infrared light on mice parents and genomic instability induction on 
offspring at least two generations. 
  
POS32-04. The nucleotide pool sanitization enzyme hMTH1 
reduces the level of 8-oxo-dG in the nucleotide pool and protects 
UVA exposed cells from mutations. Asal Fotouhi1, S. Skiöld2, S. 
Shakeri Manesh2, S. Osterman-Golkar2, A. Wojcik2, D. Jenssen2, M. 
Harms-Ringdahl2, S. Haghdoost2, 1: Stockholm University, Sweden 2: 
Department of Genetics, Microbiology and Toxicology, Stockholm 
University, Sweden 
 
The exact mechanisms by which UVA induces mutations are not 
known. The aim of this project was to investigate the protective ability 
of the human mutT homolog (hMTH1), a nucleotide pool sanitization 
enzyme with 8-oxo-dGTPase activity, against the mutagenic effect of 
UVA. TK6 (human lymphoblastoid cell line) cells were transfected 
with short hairpin RNA (shRNA) against hMTH1. The Western blot 
technique was applied to investigate the expression level of hMTH1 in 
the transfected and non-transfected cells. Clonogenic survival, mutant 
frequency as well as the extra-cellular and intra-cellular level of 8-
oxo-dG and dG was investigated in UVA-irradiated transfected and 
non-transfected cells. The extra-cellular and intra-cellular 8-oxo-dG 
(after conversion of 8-oxo-dGTP/dGDP/dGMP to 8-oxo-dG) levels 
were measured using ELISA while intracellular dG (after conversion 
of dGTP/dGDP/dGMP to dG) levels were measured using HPLC. The 
results from clonogenic survival show that the transfected cells were 
slightly more sensitive to UVA exposure as compared to the non-
transfected cells. In transfected cells, a significantly increased level of 
mutations as well as of intracellular 8-oxo-dG was observed in the 
transfected cell lines when exposed to UVA, while the level of extra-
cellular 8-oxo-dG decreased. The results indicate that the nucleotide 
pool is a significant target for UVA induced mutations and that 
hMTH1 plays an important role in protecting cells from UVA induced 
oxidative stress. 
 
POS32-05. Short term and long term exposure of mice to wireless 
dect base or mobile phone radiation affects brain proteome. 
Adamantia F. Fragopoulou1, A. Samara2, M.H. Antonelou1, A. 
Papadopoulou3, E. Anastasiadou2, D.J. Stravopodis1, G.T. Tsangaris3, 
L.H. Margaritis1, 1: Department of Cell Biology and Biophysics, 
Faculty of Biology, Athens University, Greece, 2: Genetics and Gene 
Therapy Center, Center of Basic Research II, Biomedical Research 
Foundation of the Academy of Athens, Greece, 3: Proteomics 
Research Unit, Center of Basic Research II, Biomedical Research 
Foundation of the Academy of Athens, Greece 
 
The extended use of wireless devices has triggered the interest of the 
scientific community to the investigation of possible health hazards 
caused by electromagnetic fields (EMFs). The objective of this study 
was to investigate the effects of two sources of EMFs on the proteome 
of cerebellum, hippocampus and frontal lobe in Balb/c mice following 
short term and long term whole body irradiation. 
Two series of experiments have been performed: 
The first -long term irradiation- comprised of three groups of animals 
(6 animals/group); the first group (A1) was exposed to a conventional 
mobile phone, at a SAR level range of 0.17-0.37 W/kg for 3 hours 
daily for 8 months. The second group (A2) was exposed to a wireless 
Digital Enhanced Cordless Telephone (DECT) base at a SAR level 
range of 0.012-0.028 W/kg for 8hrs/day for 8 months. The third group 
(A3) comprised the sham-exposed animals.   The second -short term 
irradiation- comprised of three groups of animals (8 animals/group); 
the first group (B1) was exposed to a wireless DECT base for 8hrs/day 
at a SAR level of 0.006 W/kg for 1 day, the second group (B2) was 
exposed to the same conditions but for 7 days and lastly the B3 group 
comprised the sham exposed group. 
Comparative proteomics has revealed that long term irradiation from 
both EMF sources altered significantly (p<0.05) the expression 
(overexpression up to 114 fold or downregulation down to 300fold) of 
several neural function related proteins, heat shock proteins, 
cytoskeletal proteins and proteins of the brain metabolism  to nearly 
all brain regions studied. Western blotting on selected proteins 
confirmed the proteomics data. 
The short term irradiation preliminary data showed similar 
hipppocampal related proteome changes, as the long term irradiation, 
which are under further evaluation. 
The observed protein expression changes may be related to brain 
plasticity alterations and could underlie the symptoms reported so far, 
such as headaches, sleep disturbance, fatigue, memory deficits and 
long term brain tumour induction under similar irradiation conditions. 
This study was supported by the Special Account for Research Grants 
of the University of Athens to the Research Group of Professor L.H. 
Margaritis. AFF is a scholarship recipient by the Hellenic State 





POS32-06. Effects of electromagnetic pulses on the blood-brain 
barrier of rats. Guozhen Guo, the Fourth Military Medical 
University, China 
   
Aims: To study the bioeffects of Electromagnetic Pulse (EMP) on 
Blood-Brain-Barrier (BBB). Methods:Animals were exposed to EMP 
with field intensity 25, 50, 100, 200 and 400 kV/m, and 25, 50, 100 
and 200 pulses; duration between every two pulses is 2s. Firstly, 
Evans blue (EB) and fluorescent microscope were used to observe the 
changes in the permeability of BBB after exposed to different 
combinations of the parameters. Secondly, electron microscope was 
used to investigate the effects of EMP on the ultrastructure of different 
area in hippocampus and the marginal division of the brain after 
injection of lanthanum nitrate. Results: The permeability of BBB of 
rat can be changed after exposed to EMP with a significant dose-effect 
relationship. With the increasing of field intensity and rising of pulse 
number, the number and the area of spots increased so as to the 
intensity of fluorescent colorations. Morphological changes in BBB 
and nervous tissue after EMP exposure also showed dose-effect 
relationship. The lanthanum nitrate granules was appeared in the 
tissue of cortex, hippocampus and hypothalamus in the EMP exposed 
group. The process of the granules crossing through the tight junction 
of capillary vessels and the phagocytosis of the granules in the 
endothelium cells were presented. Conclusions: Exposure to EMP can 
lead to increased permeability of BBB and could damage the 
endothelium cells of the capillary, resulting in increases of the 
perivascular space of capillary. 
 
POS32-07. Biological effect of megahertz ultrasound on human 
lymphoma U937 cells. Wakako Hiraoka, R. Fuji, Y. Odate, Meiji 
University, Japan 
 
Megahertz ultrasounds are now attracting attention for its therapeutic 
potential.   Medical treatment by MHz ultrasound is expected for a 
profound therapeutic effect on an affected area with less injury on 
normal tissues.  However, for detail of biological effect of MHz 
ultrasound, it has not yet been clarified. Moreover, it is not enough to 
estimate both biological safety and dose limitation in the clinical use 
of high-frequency ultrasound. Here we have studied the biological 
effect of continuous-wave ultrasound at MHz frequencies on cell 
cultures, and we have further assessed biological safety of MHz 
ultrasound. For an ultrasound apparatus, piezoceramic transducers of 
1.0 MHz (for production of 1 MHz) and 2.4 MHz (for production of 
2.4 - 7 MHz) were used and placed in the bottom of water tank made 
of brass. A glass tube with the diameter of 1 cm containing 2.0 ml 
sample solution for irradiation was set on the transducer just above the 
water level. The intensity of ultrasound for the frequencies ranging 
from 1 to 7 MHz at the position of placed tube was determined by 
calorimetry and KI dosimetry, which was also verified with ultrasonic 
hydrophone (NH8114, Toray Engineering). For the study of biological 
effect, human lymphoma U937 cells were irradiated and then assayed 
for membrane damage, reproductive cell death, cell cycle and 
apoptosis. Membrane damage was determined with propidium iodide 
(PI) uptake immediately after irradiation. The effect of ultrasound on 
the rate of cell proliferation, i.e. reproductive cell death, was evaluated 
using a particle counter 72 hours after irradiation.  Apoptotic cell 
death was examined with annexin V-FITC and PI. Change of cell 
cycle after irradiation was studied with PI for assaying DNA content 
by flowcytometry. Each effect on cells was compared at the constant 
value of ultrasound intensity (0.5 - 2 W/cm2 ) with 10-seconds 
exposure in all frequencies.  As a result, exposure to 1 - 3.4 MHz 
produced membrane damage, apoptosis and reproductive cell 
death.  Exposure to 5.7 - 7 MHz at high power brought on membrane 
damage, apoptosis and the reduction of cell viability. However, low 
power irradiation with 5.7 - 7 MHz showed not cell death but the 
delay of cell cycle.  These results indicate the safety limit and the 
benefit of MHz ultrasound on clinical usage.   
 
POS32-08. No Effect of Extremely Low Frequency 
Electromagnetic Field on Cell Growth and ROS Production in 
Human Keratinocytes Cell Line (HaCaT). Chao-Yin Huang, C. 
Chuang, I.C. Hsu, Department of Biomedical Engineering and 
Environmental Sciences, National Tsing Hua University, Taiwan 
 
Human exposes to extremely low frequency electromagnetic field 
(ELF-EMF) from electric appliances. There is growing public 
concerns about biological effects, especially possible cancer risks, of 
exposure to ELF-EMF. Several epidemiological results suggested 
carcinogenic potential of environmental exposure to ELF-EMF 
specifically around 50 or 60 Hz. In this study we investigated whether 
a 60 Hz ELF-EMF can affect growth, viability, cell cycle distribution 
on Human Keratinocytes Cell Line (HaCaT). Additionally, we 
examined extents of reactive oxygen species (ROS) potentially 
influenced by ELF-EMF. HaCaT was exposed for 4-96 h to 1.5 mT 
uniform 60 Hz ELF-EMF which was generated by a Helmoltz coil 
system. Control cell cultures were placed in the same incubator 
outside the Helmoltz coil system and shielded by mu-metal. Our 
results revealed that exposure to ELF-EMF have no significant 
differences on cell numbers, viability, cell cycle distribution, and 
amount of ROS between exposed and control cells. From results we 
concluded that exposure for 4-96 h to 1.5 mT at 60 Hz ELF-EMF did 
not affect growth and oxidative stress of HaCaT cell. 
 
POS32-09. Electromagnetic pulse inhibits chemotaxis of murine T 
lymphocytes. Junye Liu, H. Zhang ,Y. Zhou, J. Li, Y. Chen, K. Li, G. 
Ding, Y. Li, G. Guo, Department of Radiation Medicine, Fourth 
Military Medical University School of Preventive Medicine, Shaanxi, 
China 
   
Background and Aim: It has been found in our previous study that 
electromagnetic pulse (EMP) could increase the lymphocyte number 
in murine spleen and inhibit proliferation of splenocytes, which 
suggests EMP induced accumulation of lymphocytes in spleen. This 
study was aimed to evaluate the effects of EMP on T lymphocyte 
migration. 
Methods: Balb/c mice were exposed to EMP radiation. The in vitro 
migration directed by chemokines SDF-1 and CCL5 of T lymphocytes 
from spleen, thymus and lymph nodes was evaluated with transwell 
assay. The in vivo migration was determined with localized 
Shwartzman reaction model. 
Results: The mice received 200 times of irradiation of 200 kV/m EMP 
and sacrificed at designated time points. Both in vitro and in vivo 
migration assays revealed that EMP inhibited migration of 
splenocytes, thymocytes and lymph-node cells to SDF-1 and CCL5. 
The inhibitory effects of EMP emerged 2 h after radiation, reached to 
its peak at 48 h and sustained even 72 h after EMP radiation. In 
another experiment, the mice were exposed to 200 times of EMP 
radiation at different field density (25-400 kV/m) and migration 
assays were performed 48 h after radiation. It was shown EMP could 
suppress T lymphocyte migration in a dose-dependent manner with 
the most profound effect at 50 kV/m. 
Conclusion: EMP radiation could inhibit chemotaxis of T 
lymphocytes in time-dependent and dose-dependent manners, 
suggesting that EMP could suppress the recruitment of T lymphocytes 
to inflammation sites and thus influence the adaptive immunity. It will 
be interesting to further explore the underlying mechanisms. 
Keywords: electromagnetic pulse (EMP); chemotaxis; lymphocyte; 
SDF-1; CCL-5 
This work is supported by National Natural Science Foundation of 
China, No. 30972430 and 81072272. 
 
POS32-10. Membrane and biochemical effects of total body 
exposure of rats to low intensity 900-MHz microwaves. Margarita 
Malakyan1, S. Bajinyan1, H. Aghjoyan 1, D. Yeghiazaryan 1, L. 
Abrahamyan1, L. Pogosyan2, Z. Mkrtchyan2, M. Gazaryanz 2, L. 
Nersesova2, J. Akopyan2, 1: Scientific Centre of Radiation Medicine 
and Burns, Yerevan, Armenia, 2: Institute of Molecular Biology, NAS 
RA, Armenia 
 
Membrane and biochemical effects of animal total body exposure to 
low intensity radio-frequency electromagnetic waves (RF-EMW) were 
studied. Adult white inbred rats were exposed to 900-MHz 
microwaves produced by X1-42 generator (1-2 mWt output power; 7 
μW/cm2 power density). Two schemes of exposure were used: a) 
single 2-hour exposure; b) fractional exposure during 4 consecutive 
days for 0.5 hour daily. On days 1 and 5 after the exposure rats were 
sacrificed. The following indices of blood were analyzed: membrane 
potential, permeability for K+ ions and functional state of Ca2+-
activated K+-channels of erythrocytes; the intensity of lipid 
peroxidation (LPO) in erythrocytes and blood plasma; activity of 
creatine kinase (CK), purine nucleoside phosphorilase (PNP), serum 
basic phosphatase (BP), alanine aminotransferase (ALT), and 
aspartate aminotransferase (AST). Indices of intact rats served as 
Norm. 
According to findings, there were no significant perturbations in 
K+ outflow from erythrocytes of animals of both groups. However, on 
day 1 after single 2-hour exposure the significantly raised activity of 
Ca2+-depended K+-channels was registered. Then, on day 5, as well as 
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on days 1 and 5 after fractional exposure the activity of Ca2+-depended 
K+-channels was essentially attenuated, perhaps, due to exhaustion of 
K+ ions in cells. This phenomenon was anticipated to be reflected in 
the decrease of electronegativity of erythrocyte membrane. Indeed, the 
reduced membrane potential was registered by us. 
Both single long-lasting and multiple short-term exposure to RF-
EMW facilitated the significant intensification of LPO processes in 
erythrocytes. However, LPO activation in blood plasma was observed 
only on day 1 post single 2-hour exposure, while on day 5 LPO 
activity was fallen almost twice in comparison with Norm. In case of 
fractional exposure the LPO intensity in blood plasma was drastically 
low on both days 1 and 5.    
A sharp reduction of CK activity and a slight increase of BP activity 
along with non-significant changes in AST and ALT were registered 
at both schemes of irradiation. The most expressed changes were 
stimulated by RF-EMW in PNP activity: a fall of the activity on day 1 
and a sharp increase on day 5 after 2-hour exposure. Fractional 
exposure of rats to RF-EMW facilitated the complete suppression of 
PNP activity. 
 
POS32-11. The role of cytoskeleton filaments polarity in the 
interaction with external radiofrequency field. Ivan Pavicic, I. 
Trosic, Institute for Medical Research and Occupational Health, 
Croatia 
 
The study was carried out on the purpose to get insight into the 
response of cytoskeleton filaments of different polarity after external 
radiofrequency (RF) radiation. Polar and non-polar cytoskeleton 
network filaments were observed after modulated RF radiation. 
Continuous V79 cell line was exposed to modulated RF radiation 
frequency of 915 MHz, electric field strength of 10, 20 and 30 V/m. 
Average specific absorption rate (SAR) was calculated at 0.23, 0.8 
and 1.6 W/kg. Cell exposure treatment lasted for 1, 2, and 3 hours. 
Experimental cell groups were matched with negative- and positive 
control groups. Exposure set-up consisted Gigahertz Transversal 
Electromagnetic Mode chamber (GTEM), generator, power amplifier 
and signal modulator. Rhodamine-phalloidin fluorescent technique 
was used to mark polar actin microfilament structure. Cytoskeleton 
vimentin filaments were determined by indirect immunocytochemistry 
method.  Both actin and vimentin structures were inspected within the 
five hundred cells which were observed under the fluorescent 
microscope, respectively.  In comparison with negative control cell 
samples, actin microfilaments were significantly altered after three 
hour of exposure to 30 V/m electric field strength. Otherwise, 
vimentin filaments did not respond to applied radiation in any other 
way, i.e., it‘s remained unchanged throughout the course of 
experiment. In conclusion: Contrary to non-polar cytoskeleton 
vimentin filaments, external modulated RF radiation frequency of 915 
MHz might significantly damage the polar actin filament structures. 
 
POS32-12. The influence of static magnetic fields on reactive 
oxygen species - time as a confounding factor in research. Piotr 
Politanski, M. Zmyslony, Nofer Institute of Occupational Medicine, 
Poland 
 
The aim of this study was to investigate the effect of time as an 
confounder in reactive oxygen species (ROS) research. Authors 
discuss methodology of research involving influence of weak (0 - 7 
mT) static magnetic fields (SMF) on lipid peroxidation in rat 
lymphocytes in vitro with or without additional stimuli (e.g. X-
radiation or FeCl2 addition) with various ways of including time factor 
into data analysis. Shown results also fully confirm the hypothesis 
about SMF affecting ROS levels in rat lymphocytes in vitro by radical 
pairs mechanism. It has been particularly interesting to note, after 
elimination of time confounder, the effect of SMF in non-stimulated 
lymphocytes. Such effect has been for some time already obvious in 
theory, but it is the first time it has been confirmed in an experiment. 
 
POS32-13. Do Acute and Chronic Exposures to Electromagnetic 
Fields Emitted by Mobile Phones Alter Computer-Assisted Visual 
Reaction Time? Mohamad Sadegh Rouintan, S. Mortazavi, A. 
Ghafarpana, Z. Sadeghi, F. Ghafoori, Shiraz University of Medical 
Sciences, Iran 
 
Background: The worldwide dramatic increase in mobile phone use 
has generated great concerns about the detrimental effects of 
microwave radiations emitted by these communication devices. 
Reaction time plays a critical role in performing tasks necessary to 
avoid hazards. As far as we know, this study is the first survey of the 
effects of exposure to radiations emitted by a high specific absorption 
rate mobile phone on human reaction time. It is also the first study in 
which previous history of mobile phone use is taken in to account. 
Objective: The aim of this study was to assess both the acute and 
chronic effects of electromagnetic fields emitted by mobile phones on 
reaction time in university students. 
Methods: Visual reaction time (VRT) of young university students 
was recorded with a simple blind computer-assisted-visual reaction 
time test, before and after a 10 minute real/sham exposure to 
electromagnetic fields of mobile phones. Participants were 50 right-
handed university students aged 18-30. To assess the effect of chronic 
exposures, the reaction time in sham exposed phases were compared 
among low level, moderate and frequent users of mobile phones. 
Results: The mean+/-SD reaction time after real exposure and sham 
exposure were 292.51 +/- 55.73 seconds and 294.21 +/- 54.36 
seconds, respectively. The age of students did not significantly alter 
the reaction time but gender significantly affected the reaction time. 
The mean reaction time in male students was than that of females. 
Conclusions: The students‘ visual reaction time was not affected by 
exposure to electromagnetic fields emitted by a mobile phone. It can 
be concluded that these exposures do not cause increased reaction 
time to different hazards that might lead to higher chances of human 
errors and fatal accidents. 
 
POS32-14. Permeability of blood-brain barrier in male and 
female rats under radio-frequency radiation. Bahriye Sirav1, N. 
Seyhan2, 1: Gazi University Faculty of Medicine, Department of 
Biophysics, Turkey, 2: Gazi University, Turkey 
 
During the last several decades, numerous studies have been 
performed aiming at the question on whether or not exposure to 
radiofrequency radiation (RFR) influences the permeability of the 
blood-brain barrier (BBB). In the present experiment, we investigated 
the effect of RFR on the permeability of BBB in male and female 
Wistar albino rats. Right brain, left brain, cerebellum and total brain 
analyzed separately in the study. Rats were exposed to 0.9-GHz and 
1.8-GHz continuous-wave (CW) RFR for 20 min (at SARs of  4.26 
mW/kg and 1.46 mW/kg, respectively) while under anesthesia. 
Control rats were sham-exposed. Disruption of BBB integrity was 
detected spectrophotometrically using the Evans-blue dye, which has 
been used as a BBB tracer and is known to be bound to serum 
albumin. Right brain, left brain, cerebellum and total brain were 
evaluated for BBB permeability. In female rats; no albumin 
extravasation was found in in the brain after RFR exposure. A 
significant increase in albumin was found in the brains of the RF-
exposed male rats when compared to sham-exposed male brains. 
These results suggest that exposure to 0.9-GHz and 1.8-GHz CW RFR 
at levels below the international limits can affect the vascular 
permeability in the brain of male rats. The possible risk of RFR 
exposure in humans is a major concern for the society. Thus, this topic 
should be investigated more thoroughly in the future. 
 
POS32-15. Consequences of low-intensity RF radiation on the 
intracellular macromolecular structures. Ivancica Trosic, I. 
Pavicic, Institute for Medical Research and Occupational Health, 
Croatia 
 
The option that radiofrequency (RF) radiation might induce undesired 
alterations at cellular level is a general scientific and public concern. 
The reason is extensive and growing development of different 
radiation resources including equipment for telecommunications and 
broadcasting systems, domestic devices, and medical apparatus. This 
study was carried out on rationale to evaluate the biological 
consequence of low-intensity RF radiation on intracellular 
macromolecular structures; DNA and cytoskeleton protein network. 
The study was performed both in vivo and in vitro; in particular the 
experimental animals and continuous culture of cells were used. In 
vivo experimental design incorporated exposed and unexposed control 
rats. Animal groups were divided into the subgroups in order to be 
sacrificed on 2, 8, 15 and 30 experimental day after irradiation daily 
treatment of two hours each. Rats were irradiated with 2450 MHz RF 
waves and an average power density of 7.5 mW/cm2, SAR=1.25 
W/kg. In vitro design included continuous cell culture of lung 
fibroblasts exposed to a 915 MHz RF field and 10 V/m electric field 
strength, SAR=0.2 W/kg. Exposure lasted 1 h, 2 h, and 3 h. 
Micronucleus test (MN) on polychromatic erythrocytes (PCE) in 
vivo was performed. The same test was applied on in vitro system. 
Indirect immunocytochemical method was used to determine protein 
structure of microtubule and vimentin, which is a member of the 
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intermediate filaments. Actin proteins were labeled with phalloidin-
rhodamine complex. One thousand cells per slide were analyzed using 
a fluorescent light microscope (400 x magn). The MN test showed 
significantly more PCE-s with micronuclei in rats irradiated for 16 h 
that is on 8th day of experiment. The in vitro study confirmed the 
significantly higher occurrence of micronucleated cells as well as 
damage to polar microtubules and actin filaments, which correlated 
with the duration of radiation exposure. The intermediate filaments 
remained unaffected. Our in vivo and in vitro results confirm the 
possibility of unfavorable effects of low-intensity, radiofrequency 
radiation on intracellular macromolecular structures. 
 
POS32-16. Exposure to low level 2.45 GHz microwave radiation 
causes DNA single strand break and altered the DNA band 
pattern in testis and ovary of Sprague Dawley rats. Mojisola 
Usikalu, O. Obembe, M. Akinyemi, 1: Covenant University, Nigeria  
 
The genotoxic effects of 2.45 GHz microwave (MW) radiation on the 
testis and ovary of Sprague Dawley rats was investigated. The animals 
were exposed to various level of Specific Absorption Rate (SAR) 
which were 0 (control), 0.48, 0.95, 1.43, 1.91, 2.39, 2.90, 3.40, 3.80 
and 4.30 Wkg-1 respectively using the microwave generator, model 
ER660E, Serial No MX704CCR from Toshiba UK Ltd for maximum 
period of ten minutes. The induction of DNA damages was assessed in 
the testis and ovary of the rats using DNA direct amplification of 
length polymorphisms (DALP), re-affirmed with single cell gel 
electrophoresis (SCGE) comet assay for same cells at SAR 2.39 W/kg 
and histopathogical study on the same organs was conducted.  The 
results shown that after exposure to 2.45 GHz radiation the band 
patterns of the exposed animals were distinctly altered in the range of 
40 – 120 bp compared with the control and in their tail DNA before 
exposure, as shown in the densitometry gel analysis. There are 
statistical significant differences in the Olive moment and % DNA in 
the tail of the exposed animals compared with control (p < 0.05). 
Hyperchromasia was observed in the ovary of the animals exposed to 
MW radiation. Also, there was reduction in the number of germ cells 
and cell disorganization observed from the testis of exposed group. 
The degree of alteration reduction in the number of the germ cells 
varies with SARs, highest reduction was observed in the group V 
exposed to 2.39 W/kg which suggest that MW radiation has the 
potential to affects both male and female fertility adversely. 
 
POS32-17. Addressing a Critical Problem: How Safe is the Use of 
3D Wire Panels for Reducing the Magnetic Flux Density in Homes 
near High Tension Power Lines? Zinat Zarrini, S. Namazi, S. 
Ensafi, S. Mortazavi, Shiraz University of Medical Sciences, Iran 
 
Background: In Larestan, a city in Fars province in south Iran, due to 
insufficient land,some houses are being constructed in close vicinity 
of high tension power lines. AC power lines which employ voltages 
ranging 66 kilovolts to several hundred thousand kilovolts are the only 
high voltage transmission lines in cities and have led to great concerns 
regarding the biological effects of power line induced- high intensity 
electromagnetic fields. It has been usually accepted that the easiest 
intervention forreducing the magnetic flux density levels to residents 
of the houses which are constructed near power lines is to install a 
grounded, metallic, mesh screen on the roof and in the walls of the 
dwellings. 
Objective: The aim of this study was to assess if the mesh 
wireroutinely used in 3D panels can minimize the magnetic flux 
density levels inside the houses. 
Methods: A 50× 50× 50 cm model house was built from conventional 
3D wire panel. This panel is constructed from a central foamed 
polystyrene insulating layer sandwiched by two steel wire truss coated 
with zinc. The magnetic flux density levels outside and inside the 
houses was measured by 2 calibrated Gauss meters under a230 kV 
high tension power line. The overall magnetic field intensity was 
measured as the square root of the sum of the squares of magnetic 
field intensity in x, y and z planes.To minimize random errors, each 
measurement was repeated 5 times, and the mean was used. 
Results: At a distance of 20 m from the powerline, the mean+/-SD 
magnetic flux density levels, outside the model housethat was placed 
at the ground level along the x, y and z axes were 5.77 +/-  0.12 , 1.6 
+/-  0.1  and 10.67 +/-  0.15mG, respectively. On the other hand, flux 
density levels, inside the model house along the x, y and z axes were 
5.55 +/-  0.07 , 1.55 +/-  0.07  and 10.45 +/-  0.21mG, respectively. 
The overall magnetic field intensity that was measured as the square 
root of the sum of the squares of magnetic field intensity in x, y and z 
planes for outside and inside were 12.24  and11.93mG, respectively. 
The difference between the magnetic flux density levels outside and 
inside the model house was not statistically significant. While the 3D 
panel was unable of blocking the power line induced magnetic fields, 
it significantly blocked both the FM radio waves and 900 MHz GSM 
signals. 
Conclusions: Based on the findings obtained in our study,3D wire 
panels cannot serve as the metallic mesh screens for protecting the 
residents of these dwellings against high intensity electromagnetic 
fields. In this light, it can be concluded that scientists should 
encourage the authorities and policy makers to make legislations 
thatabsolutely prohibitthe construction of homes near transmission 
lines. 
 
POS33 Non-targeted effects of radiation 
 
POS33-01. The role of lysosomes in radiation induced genomic 
instability. Scott Bright, S.L. Irons, S. Vaughan, M. Kadhim, SoLF 
Oxford Brookes University, UK 
 
Radiation-induced genomic instability (RIGI) has been described 
comprehensively in the past two decades. The response manifests 
itself as the appearance of various types of damage such as gene 
mutations, delayed reproductive cell death and chromosomal damage 
that appear in the descendants of the irradiated population. 
Various factors effect RIGI induction including radiation type, dose 
and cell genotype. As yet the exact mechanisms for induction of 
genomic instability remain elusive, though experiments have shown 
induction of reactive oxygen species and cell signalling through 
cytokines are involved. Such events have been implicated on a cellular 
level, however disrupted sub-cellular organelles, such as lysosomes, 
and their role in RIGI is not well documented. This project focuses on 
radiation induced lysosomal damage and its role in RIGI. Lysosomes 
contain numerous acid hydrolases capable of degrading cellular 
components. Enzymes of particular interest include DNase IIα, which 
degrades DNA, as well as LAMP-1, important to the membrane and 
structure of lysosomes. 
In order to test the hypothesis that ionizing radiation induces RIGI 
through lysosome damage, several methods were used to determine 
lysosomal membrane permeabilility, in combination with other 
techniques to measure basic lysosomal properties such as size. 
Lysosomal ultra-structure is also currently being examined through 
electron microscopy in order to identify any abnormalities in shape 
and integrity. In parallel, lysosomal rupture was examined for its 
ability to induce early and delayed chromosomal aberrations following 
treatment with sphingosine as a positive control. 
Preliminary results indicate that radiation may subtly alter lysosome 
size and permeability particularly in the early stages post radiation, 
approximately one hour after exposure. This may suggest that the 
resulting release of acid hydrolases could induce and contribute to 
observed cell death through apoptosis and necrosis. However, if 
rupture is only partial without full release of the acid hydrolases held 
within, it could be speculated this may only result in cell damage and 
potentially chromosomal instability (CIN). These results and 
observations will be discussed in detail. 
*ARR early career investigator award 
 
POS33-02. Bio-signature of Radiation Response in Aging 
Metabolome. Amrita K. Cheema1, J.B Tyburski2, S. Strawn2, G. 
Kaur, A.J. Fornace Jr.1,2, 1: Department of Oncology, Georgetown 
University Medical Center, Washington D.C., USA, 2: Department of 
Biochemistry and Molecular Biology, Georgetown University 
Medical Center, Washington D.C., USA 
 
The elderly population (65 and older) is projected to increase to 72 
million in the USA by 2030 and will comprise approximately 25% of 
the total projected U.S. population. There is a critical need to better 
understand biological aging through the characterization of molecular 
changes associated with the aging process, so that potential targets for 
prevention and therapeutics can be more thoroughly explored. 
Exposure to stressors appears to be an important factor in promoting 
biological aging, and the corresponding stress responses are known to 
be affected by age. Since chronological age is the best predictor of 
biological age and age-related diseases, we profiled the metabolic 
differences between young and old populations of wild type C57BL/6 
mice to study the impact of ionizing radiation on the study 
population.UPLC-QTOFMS (Ultra-performance liquid 
chromatography – Quadrupole Time of Flight Mass Spectrometry) 
based metabolomic analysis was performed for global profiling of 
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C57BL6 mice pre and post radiation treatment (3Gy) for three age 
groups namely 6 weeks, 12 months and 24 months, followed by 
multivariate data analysis and functional pathway analysis to identify 
significantly altered metabolites for further characterization. Our 
overall goal was to elucidate and integrate the metabolic alterations 
associated with aging for the purpose of developing biomarkers 
associated with this process and also those which promote aging 
augmented by stress. Our results indicate perturbations of pathways 
related to radiation signaling among others. The results will be 
discussed in the context of the aging phenotype. 
 
POS33-03. Molecular mechanisms for induction of sustained 
elimination of low dose hyper-radiosensitivity. Nina Edin1, J.A. 
Sandvik1, C. Cheng1, H.S. Vollan2, K. Reger3, A. Görlach3, L. 
Bergersen1, E.O. Pettersen1, 1: University of Oslo, Norway, 2: 
Akershus University Hospital, Norway, 3: German Heart Center 
Munich, Germany 
 
We have previously found that protracting a priming dose of 0.3 Gy 
over 1 hour resulted in permanent elimination of low dose hyper 
radio-sensitivity (HRS) instead of the transient elimination by an acute 
priming with the same dose. The cells exposed to the low dose-rate 
priming secreted a factor into the medium, which removed HRS 
transiently in recipient cells. The factor could also be induced by low 
dose-rate irradiation of cell conditioned medium but only when serum 
was present in the medium during conditioning. We have now 
identified the serum factor and the factor secreted by the low dose-rate 
primed cells and found evidence for a self-sustaining molecular 
mechanism responsible for permanent elimination HRS transmitted to 
the progeny. The presence of HRS was measured using the colony 
assay as well as anti-phospho-histone H3 staining. Cytoplasmic levels 
of TGFβ3 were assessed using post embedding immunogold electron 
microscopy. Superoxide was measured by EPR and gene expression 
by microarray analysis. Two cell lines known to display HRS were 
used, T-47D breast cancer cells and T98G glioblastoma cells. The 
change to a HRS-negative phenotype was found to be transiently 
induced by extracellular TGFβ3, which could be activated through 
iNOS activity by low dose-rate irradiation (0.2-0.3 Gy/h for 1 h) of 
cell conditioned medium. However, direct cell irradiation at low dose-
rate induced a permanent elimination of HRS by activation of a self-
sustaining mechanism found to depend on iNOS activity and resulting 
in continuously elevated cytoplasmic levels of activated TGFβ3. The 
HRS-negative phenotype was reversed by iNOS inhibitor 1400W. The 
serum factor was identified as interleukin-13. The effect of low dose-
rate irradiation could be mimicked by high dose-rate irradiation or 
reoxygenation after hypoxia in combination with NO. In addition to 
supporting our proposed model for a self-sustaining molecular 
mechanism, the data contributes to the understanding of the 
importance of distinguishing between dose-rates in relation to 
radiation protection issues. They indicate that the effects induced by 
prolonged production of ROS by low dose-rate irradiation are related 
to NO production and independent of DNA-damage.  
 
POS33-04. Current Status of Microbeam Irradiation System, 
SPICE-NIRS. Teruaki Konishi1, M. Oikawa1, T. Ishikawa1, M. 
Isono2, N. Shiomi1, T. Maeda1, N. Suya1, 1: National Institute of 
Radiological Sciences, Japan, 2: Tokyo Metropolitan University, 
Japan 
 
Single-cell microbeam irradiation systems have become significant 
tools in the field of radiation biology and have discovered much 
important evidence that have never been described in the study using 
conventional broad beam irradiation. Single Particle Irradiation 
System to Cell, SPICE at National Institute of Radiological Sciences 
(NIRS) is a proton microbeam irradiation system developed for low 
dose radiation effect studies, such as for the cellular response of 
targeted and non-targeted effects. 
SPICE provides 3.4 MeV proton microbeam by using two slit system 
and a mono-bloc triplet Q lens so as to exclude such low-energy 
particle components by scattering seen with the collimation method. 
Approximately, 2 μm in a diameter beam are routinely available. A 
cell dish is placed on the voice coil stage of the microscope system, 
which also contains a fluorescent microscope and a CCD camera. As a 
routine procedure, cell nuclei are dyed with 1 μM Hoechst 33342, and 
the X-Y coordinates of the cell position in the dish are calculated 
automatically corresponding to the obtained fluorescent images. Each 
nucleus can be irradiated with the pre-set number of protons with a 
probability of 96.6 % accuracy, and will be irradiated according to the 
calculated coordinates with a maximum speed of 400 cells per minutes 
by controlling the voice coil motor stage. Approximately, two 
thousand cells in 25 mm2 area per dish can be irradiated within 10 
minutes including image capturing, cell recognition, and irradiation. 
In this presentation, collaborative researches such as targeted and non-
targeted effects in mammalian cells and also in vivo studies performed 
using SPICE will be introduced. 
  Electrostatic accelerator facility of NIRS received a severe damage 
from the Tohoku-Kanto earthquake on March 11th, 2011, and 
currently, SPICE is under construction. Hopefully, SPICE will be 
renewed, and resume its operation by the beginning of April of 2012. 
 
POS33-05. Nitric Oxide is a Key Molecule Serving as a Bridge 
between Radiation-Induced Bystander and Adaptive Responses. 
Hideki Matsumoto1, M. Tomita2, K. Otsuka2, M. Maeda2, N. Hamada2, 
M. Hatashita3, 1: Division of Oncology, Biomedical Imaging Research 
Center, University of Fukui, Japan, 2: Radiation Safety Research 
Center, Central Research Institute of Electric Power Industry 
(CRIEPI), Japan, 3: Research and Development Department, The 
Wakasa Wan Energy Research Center (WERC), Japan 
 
Possible risks from exposure to low dose ionizing radiation (below 
100 mSv) are estimated by extrapolating from data obtained after 
exposure to higher doses of radiation, using a linear no-threshold 
(LNT) model. However, the validity of this dose-response model is 
controversial because evidence accumulated over the past two decades 
has indicated that living organisms, including humans, respond 
differently to low-dose/low-dose-rate radiation than they do to high 
dose/high dose-rate radiation, which cannot be explained by the 
classical ―target theory‖ of radiation biology. These important 
responses to low-dose/low-dose-rate radiation are the radiation-
induced adaptive response, the bystander response, low-dose 
hypersensitivity, and genomic instability. 
The phenomenon, ―radiation-induced adaptive response‖ was 
described by Sheldon Wolff and his colleagues who studied 
chromosomal aberrations in human lymphocytes after irradiation. 
Their findings indicated that the harmful effects of radiation received 
as a challenging dose may be reduced by a prior priming or 
conditioning low dose. In contrast, among reports describing cellular 
responses to low dose/low fluence radiation, a number of 
investigations have shown since the 1990s that the harmful effects of 
radiation may be amplified due to induced ―bystander responses‖. 
Radiation-induced bystander responses have been observed in a range 
of cell types and following both high- and low-LET radiation. 
Radiation-induced bystander responses have resulted from some types 
of communication or signaling between the irradiated cells (targeted 
cells) and nearby unirradiated cells (non-targeted or bystander cells) 
through direct physical connections between cells such as gap-
junction intercellular communication (GJIC) or through diffusible 
factors released in the culture medium. Moreover, correlations 
between the radiation-induced adaptive and bystander responses have 
been recently discussed in several reports. It appears that the key 
signaling molecules serving as a bridge between the two phenomena 
are reactive nitrogen species (RNS). In the present talk, we sum up 
findings describing the radiation-induced adaptive and bystander 
responses, and discuss the contribution of the latter to the former 
through production of RNS. 
 
POS33-06. Cell survival and DNA damage responses following 
exposure to modulated radiation fields. Colman Trainor1, K.T. 
Butterworth1, C.K. McGarry2, F. Liberante1, J.M. O'Sullivan1, A.R. 
Hounsell2, K.M. Prise1, 1: Centre for Cancer Research & Cell 
Biology, Queens University Belfast, UK, 2: Radiotherapy Physics, 
Northern Ireland Cancer Centre, Belfast Health and Social Care Trust, 
UK 
 
The purpose of this investigation was to determine cell survival and 
DNA damage responses following exposure to modulated radiation 
fields in cells with differing radiosensitivity.    
Cell survival was determined in primary human fibroblast (AG0-
1522B), human breast cancer (MDA-MB-231), human prostate cancer 
(DU-145) and human glioma (T98G) cells following exposure to 
either a uniform or modulated field delivered using either a 160 kV X-
ray set or a 225 kV X-ray set. Modulated exposures were delivered by 
shielding 50% of the flask during irradiation. The DNA damage 
response was determined within AG0-1522B and DU-145 cells 
following exposure to a modulated field. Cells were fixed at a range of 
time points following a modulated exposure of 1 Gy delivered using a 




Following modulated exposure a significant loss of survival (p < 0.05) 
was observed within the out-of-field areas of flasks lower than 
predicted from the linear quadratic model. The out-of-field response 
was cell type dependent and positively correlated with 
radiosensitivity. The observed decrease in cell survival out-of-field 
was abrogated by physical inhibition of cellular communication 
between the in and out-of-field regions. The level of cell survival 
within the out-of-field region was shown to increase following pre-
treatment of cells with Aminoguanidine, DMSO or cPTIO that are 
known to inhibit factors involved in mediating the radiation induced 
bystander effect. An increase in 53BP1 was observed within the out-
of-field region up to 1 cm from the centre of the flask 30 minutes 
following exposure to a modulated field. Decreased levels of 53BP1 
were observed in-field 30 minutes following modulated exposure 
when compared to 53BP1 levels following a uniform exposure. 
These data indicate that cellular communication between the in and 
out-of-field regions has an important role on the cellular response 
following exposure to a modulated field. Within all cell lines 
investigated a significant decrease in survival was observed within the 
out-of-field region. The cellular radiosensitivity is observed to be an 
important determinant of the magnitude of response. Investigations 
into DNA damage have outlined a complex response following 
modulated exposure that suggests a potential role for intercellular 
communication. 
 
POS33-07. Premature senescence in Human Umbilical Vein 
Endothelial Cells (HUVEC) induced by chronic low-dose gamma 
radiation - a proteomic approach. Venkata Ramesh Yentrapalli1, O. 
Azimzadeh1, Z. Barjaktarovic1, A. Wojcik2, M. Harms-Ringdahl2, 
M.J. Atkinson1, S. Haghdoost2, S. Tapio1, 1: Helmholtz Zentrum 
München, German Research Center for Environmental Health, 
Institute of Radiation Biology, Neuherberg, Germany, 2: Center for 
Radiation Protection Research, Department of Genetics, Microbiology 
and Toxicology, Stockholms University, Sweden 
 
An increased risk for circulatory diseases is prevalent in radiation-
related epidemiological studies, recent data suggesting causality even 
at low doses of ionizing radiation. Endothelial cells form a unique 
permeable single-layered lining of the cardiac vessels with the main 
task of transporting nutrients from blood. Endothelial dysfunction 
plays an important role in the initiation and progression of the 
formation of atherosclerotic plaques. Consequently, the endothelium 
is one of the main targets affected in radiation-induced circulatory 
diseases in general and in cardiovascular diseases in particular. 
The aim of this investigation was to study the dose- and dose-rate-
dependent influence in the progression of cellular senescence in 
HUVEC cells and to analyze the corresponding changes in protein 
expression profiles. The HUVEC cells were chronically exposed to 
4.1 mGy/h in a cell culture incubator equipped with a 137-Cs source. 
Our results indicate an induction of premature senescence by chronic 
low-dose-rate irradiation, verified by the loss of growth potential and 
early appearance of senescence-associated markers (S-βgal). 
We optimized protein extraction for different downstream proteomics 
approaches.  For the quantification of the differentially expressed 
proteins after different time points of exposure (1, 3, 6, and 10 weeks), 
we applied 2D-DIGE (Differential In-Gel Electrophoresis) and ICPL 
(Isotope-Coded-Protein-Labeling) methodologies. In both approaches, 
labeled proteins isolated from sham and irradiated cells were mixed 
and separated on SDS-PAGE before quantification. The bands or 
spots corresponding to the differentially expressed proteins were 
digested, and identified and quantified using tandem mass 
spectrometry. 
The proteomic analysis was performed of cells exposed to a chronic 
dose rate of 4.1mGy/h and analyzed after week1, 3 and 6 with 
cumulative doses of 0.68 Gy,  2.06 Gy, and 4.1 Gy, respectively. 
Differentially expressed proteins were involved in cell-to-cell 
signalling and interaction, growth and proliferation, RNA post-
transcriptional modification and cellular movement. The protein 
network analysis was performed by the Ingenuity software. Proteins 
deregulated at all time points included annexin A1, histone H2A 
type1-C, non-POU domain containing octamer-binding protein, lamin-




POS34-01. Radiation induced changes in protein expression 
profiles: analysis of dose response relations and the quality of the 
primary dna damage. Ainars Bajinskis, M. Harms-Ringdahl, 
Department of Genetics, Microbiology and Toxicology, Stockholm 
University, Sweden 
 
Ionising radiation induces damages at molecular level in mammalian 
cells that results in biological responses mediated by proteins. 
Complex DNA damages induced by high-LET radiation appear more 
difficult to repair and little is known how the complexity of the DNA 
damage triggers the response pathways engaged in preserving 
genomic stability. To gain the better understanding of the role and 
mechanisms of complex DNA lesions we used proteomic approach to 
determine the differences in the protein expression profiles between 
high- and low-LET radiations. Chinese hamster ovary cell line AA8 
was exposed to acute doses of 0, 10, 100 or 1000 mGy γ-rays or α-
particles in the absence or presence of free radical scavenger dimethyl 
sulphoxide (DMSO). Proteins were extracted from cells 3 hours after 
exposure and used for protein expression analysis by two-dimensional 
polyacrylamide gel electrophoresis. Significantly altered protein spots 
were analyzed by mass spectrometry. Evaluation of protein expression 
results by orthogonal partial least square discriminant analysis 
revealed significant differences in altered protein spots for different 
endpoints, e.g. doses, radiations, and only few spots were in common 
for those endpoints. The profile of certain proteins changed when 
exposure was performed in the presence of DMSO. The results 
demonstrate that unique patterns of up or down regulated proteins are 
produced in response to different complexity of DNA damages and 
that the indirect effect of radiation for both low- and high-LET causes 
different cellular response. 
 
POS34-02. Proteomic analysis and cytokine expression of human 
lung cells exposed to alpha-particle radiation. Matthew Howland, 
R. Vincent, P. Kumarthasan, R. Wilkins, V. Chauhan, Health Canada, 
Canada 
 
Of the radiation types, alpha-(a) particles are of particular interest as 
they are an environmental concern (i.e. Radon gas) and furthermore, 
a-particle emitters like Americium-241 have been identified as 
probable isotopes to be used in radiological dispersal devices. Thus, 
the identification of biomarkers to such exposures would be useful for 
the development of reliable bioassays. In this study, proteomics 
technology was employed to mine for sensitive markers of a-particle 
radiation exposure. Exponentially growing human lung cells were 
exposed to a-particle radiation from Americium (241Am) electroplated 
discs. Twenty-four hours post-exposure, 2D-gel electrophoresis 
coupled with mass spectrometry was used to assess modulations in 
protein expression in whole cell and nuclear cell lysates exposed to 
1.5 Gy of radiation. Alterations in expression-level of protein spots 
between control- and exposed- treatment groups were analyzed 
statistically by the PDQuest software using Student‘s t-test (p<0.05). 
Concurrently, cell culture supernatants from a- and X-irradiated cells 
(for comparison purposes) were assessed for cytokine secretion using 
a multiplex-27 bead array assay. Cytokine secretion showed 
modulations which were statistically significant following a-particle 
exposure, among which VEGF was confirmed to be dose-responsive 
and not differentially expressed in X-irradiated samples. Analysis of 
whole cell lysates using 2-D gel electrophoresis showed 15 
upregulated and 1 downregulated protein spot, of which 4 were 
identified by mass spectrometry.  These four proteins were induced by 
>2 fold in exposed samples and included cell motility and trafficking 
proteins, chaperone molecules and anti-oxidant proteins. Analysis of 
nuclear lysates identified a total of 13 differentially expressed spots of 
which 8 were upregulated and 5 were downregulated. Four of these 
spots were identified and shown to be associated with RNA editing 
mechanisms. Despite the need for further validation, overall these data 
suggest that a-particle exposure results in the alterations in expression-
levels of specific proteins that may be potential biomarkers used 
further for the development of fast and reliable bioassays. 
 
POS34-03. Radiation-related changes in serum proteome profiles 
detected by mass spectrometry in blood of patients treated with 
radiotherapy due to larynx cancer? Magdalena Kalinowska-Herok1, 
M. Pietrowska1, K. Wojtkiewicz2, T. Rutkowski1, A. Wygoda1, A. 
Walaszczyk1, Ł. Marczak3, M. Marczyk2, J. Polańska4, K. 
Składowski1, P. Widłak1, 1: Maria Sklodowska-Curie Memorial 
Cancer Center and Institute of Oncology, Poland, 2: Instytut 
Automatyki, Poland, 3: Institute of Bioorganic Chemistry, Polish 





Introduction: The study was aimed to detect features of human serum 
proteome that were associated with exposure to ionizing radiation. 
Materials and methods: Analyzed group consisted of 46 patients 
treated with radical radiotherapy because of larynx cancer; patients 
were irradiated with total doses in a range from 51 to 72 Gy. Three 
consecutive blood samples were collected from each patient: before 
the start, 2 weeks after the start, and 1-2 months after the end of 
radiotherapy. The low-molecular-weight fraction of the serum 
proteome (2,000-13,000 Da) was analyzed by the MALDI-ToF mass 
spectrometry. 
Results: Proteome profiles of serum samples collected before the start 
of radiotherapy and during early stage of the treatment were similar. 
In marked contrast, mass profiles of serum samples collected several 
weeks after the end of the treatment revealed clear changes. We found 
that 41 out of 312 registered peptide ions changed their abundance 
significantly when serum samples collected after the final irradiation 
were compared with samples collected at two earlier time points. We 
also found that abundances of certain serum peptides were associated 
with total doses of radiation received by patients. 
Conclusions: The results of this pilot study indicate that features of 
serum proteome analyzed by mass spectrometry have potential 
applicability as a retrospective marker of exposure to ionizing 
radiation. 
 
POS34-04. Proteomic Analysis of Radiation-inducible 
Phosphorylation Profiles for Identification of Molecular Targets 
in Prostate Cancer Cells. Adeola Makinde1, D. Cerna 1, S.T. 
Palayoor 1, M. Aryankalayil1, E.F. Petricoin III2, L.A. Liotta2, C.N. 
Coleman1, 1: National Institutes of Health/NCI, USA, 2: George 
Mason University, USA 
 
The fate of cells exposed to radiation is dependent on their response to 
the resulting damage, which is a function of their capacity to repair 
and extent of the damage.  Higher doses cause overwhelming DNA 
damage and cell death. On the other hand, exposure to sublethal doses 
increases the chances of repair and survival. We previously showed 
that in comparison to single dose, fractionated radiation induced 
robust changes in mRNA and miRNA in prostate cancer cells.  In 
addition to gene expression analysis, profiling phosphorylation 
patterns would facilitate identification of potential druggable targets. 
Protein phosphorylation was analyzed in PC3 and DU145 exposed to 
10Gy radiation, either in a single dose(SD), or 10 fractions of 
1Gy(MF).  Some cleavage-activated proteins were also 
analyzed.   Lysates were collected at 6 timepoints (0-24h) after 
concluding radiation. 73 proteins were analyzed  by reverse-phase 
protein microarray and analyzed with MicroVigene image analysis 
software, ver. 2.2 and Microsoft Excel 2000. 
Phosphorylation patterns were different with both radiation 
regimens.  An overall increase in the phosphorylation/cleavage status 
of cell death associated proteins was observed with both radiation 
exposures (increased CASP3 cleavage, decreased  p4E-BP1);  while 
increased PARP cleavage (survival/repair) was observed only after 
MF in DU145.  pRSK3 (survival/proliferation) was elevated in PC3 
following MF.  PC3 and DU145 exhibited different phosphorylation 
patterns in response to radiation.  In DU145, exposure to radiation, led 
to a decrease in pAKT and pBCL-2 along with an increase in pBAD, 
while pAKT, pBAD and pBCL2 was increased in PC3.  Elevated 
CASP9 cleavage was also observed in PC3 but not in DU145. 
Our data show response profile of PCa cells to fractionated radiation 
in comparison to single dose.  A vital question in this study is ―does 
fractionated radiation alter the protein phosphorylation profile in 
tumors enough to make the pathways targetable?‖  Further analysis is 
currently in progress, testing some identified potential targets with 
clinically applicable inhibitors.  Modulation of the cellular pathways 
in the surviving cancer cells exposed to fractionated radiation 
(repeated exposure to sublethal doses) could provide molecular targets 
and exploitable pathways for improved therapy. 
 
POS34-05. Radiotherapy-induced changes in serum proteome of 
patients with head and neck cancer; correlation with radiation 
doses given to differ tissue volumes. Tomasz Rutkowski1, A. 
Wygoda1, M. Pietrowska1, J. Polańska2, K. Składowski1, P. Widłak1, 
R. Rutkowski1, 1: Maria Sklodowska-Curie Memorial Cancer Center 
and Institute of Oncology, Poland, 2: Silesian University of 
Technology, Poland 
 
Background: Technologically advanced techniques of radiotherapy 
(RT), e.g. IMRT, allow precise delivery of high doses to the gross 
tumor volume (GTV). However, such techniques also involves 
relatively large volumes of normal tissues irradiated with low doses, 
which biological significance is not well established so far. Exposure 
to ionizing radiation is likely to induce changes in serum proteome, 
which can be assessed by proteomics. Establishing the correlation 
between specific changes in serum proteome and irradiation 
doses/volumes would help to identify novel predictive and prognostic 
markers of tolerance/toxicity of RT and its distant results. 
Aim: To identify specific radiation-induced changes in serum 
proteome related to various tissue volumes and radiation doses. 
Particular interest is given to large volumes of normal tissues 
receiving relatively low radiation doses. 
Material and methods: One hundred twenty five patients treated with 
RT due to squamous head and neck cancer were included into the 
study. Overall treatment time (OTT) was in the range of 21-58 days. 
All patients were treated exclusively with RT to a total dose (D) of 51-
72 Gy given to GTV, 60-66 Gy given to the clinical target volume 
(CTV1; defined as a volume of considerable risk of subclinical disease 
marginal to GTV), and 45-55 Gy given to CTV2 (defined as a volume 
of low risk of subclinical disease). Volume of tissue receiving at least 
1 Gy was also calculated as a total irradiated volume (IV). Due to 
various fractionation schedules dose intensity (DI) was calculated as a 
D/OTT. Four consecutive blood samples were collected from each 
patient: (1) before RT, (2) 2 weeks after RT start, (3) 1-2 months after 
RT completion and (4) 6 months later. The low molecular weight 
fraction of the serum proteome (2-14 kDa) was analyzed by MALDI-
ToF mass spectrometry and specific features of mass profiles 
identified in registered spectra. Features of proteome profiles were 
correlated with known prognostic factors related to patient, tumor, and 
treatment . 
Results: Changes in serum proteome profiles specifically related to 
irradiation (doses and irradiated volumes) were observed. Identified 
peptide signatures, which reflect response of patient‘s organism to 
irradiation, are of potential prognostic or predictive value in 
assessment of RT tolerance and efficacy. 
 
POS35 Radiation carcinogenesis 
 
POS35-01. Effect of the interval period between exposures to 
ionizing radiation and N-ethyl-N-nitrosourea on the development 
of murine thymic lymphoma. Yoshiko Amasaki1, Y. Shimada 2, O. 
Hino3, A. Kuboyama4, M. Nishimura1, T. Sawai1, S. Kakinuma5, S. 
Hirano4, 1: National Institute of Radiological Sciences, Japan, 2: 
National Institute of Radiological Sciences, Chiba University, Japan, 
3: Juntendo University, Japan, 4: National Institute of Radiological 
Sciences, Juntendo University, Japan, 5: National Institute of 
Radiological Sciences, Hiroshima University, Japan 
 
Background: As the human body is continually exposed to various 
environmental carcinogens, radiation and other environmental 
carcinogens are considered to act cooperatively in inducing cancer. 
We previously showed that the combined effect on the induction of 
thymic lymphoma after exposure to X-rays and N-ethyl-N-nitrosourea 
(ENU) was dependent upon dose of carcinogen and order of 
treatment. The aim of this study was to clarify the effect of various 
ENU treatments following an X-ray exposure during the pubertal 
period; particularly we focused on the interval between X-rays and 
following ENU treatment. 
 Materials and Methods: Four-week-old female B6C3F1 mice were 
exposed to X-rays (1.0 Gy per week) for four consecutive weeks, and 
then were treated with ENU (200 ppm) in drinking water for 4 weeks 
started from 8, 10, 12, or 16 weeks of age (i.e., the interval was 0, 2, 4, 
and 8 weeks, respectively). The mice were observed until moribundity 
and their lifespan and the incidence of thymic lymphoma were 
analyzed. The subtype of thymic lymphoma was analyzed by flow 
cytometry and their DNA, RNA, and proteins were analyzed. 
Results and Discussion: The incidence of thymic lymphoma after X-
irradiation was 13% at the 300 days after irradiation. The incidence 
after ENU treatment was dependent on the age at the time of treatment 
which was 20%, 22%, 12% and 12% after the treatment at 8, 10, 12 
and 16 weeks of age, respectively. The incidence of thymic lymphoma 
was extremely increased by the combined treatment with an interval 
of 0 or 2 weeks (94 or 98%, respectively), whereas that with an 
interval of 4 or 8 weeks resulted in the frequency of around 60%. 
Thus, the interval period drastically affected the incidence of thymic 
lymphoma. 
 Conclusion: The combined exposure to X-rays and ENU increased 
the development of thymic lymphoma in a supra-additive manner. The 
increase was higher with a short interval (≤2 weeks) than with a long 
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interval (≥4 weeks) between the exposures, suggesting that the 
influence of past radiation exposure persists at least 8 weeks after the 
exposure. 
 
POS35-02. Cellular Automata Model to Predict the Number of 
Transformation cells in Lung Tissue Induced Radon Progeny. 
Samaneh Baradaran1,2, S. Setayeshi2, M.R. Kardan3, 1: National 
Radiation Protection Department, Iranian Nuclear Regulatory 
Authority, Tehran, Iran, 2: Medical Radiation Department, Amirkabir 
University of Technology, Tehran, Iran, 3: Nuclear Radiation 
Application School, Nuclear Sciences and Technology Research 
Institute, Tehran, Iran 
 
According to the scientific reports about the potential health hazards 
of Radon and its products, in homes and working places, Radon is the 
second leading cause of lung cancer after smoking in the USA. This 
relationship has prompted concern to estimate this health risk by using 
various methods. 
In this study, cellular automata model was used to predict the number 
of transformed cells that their nucleus was passed by alpha particles 
decay from 214Po and 218Po. The direct alpha particles hit can 
transform the DNA of cell nuclei and can trigger of cancer. 
Simulation of human respiratory system and lung cancer induced 
inhaled radon are required long partial differential equations and many 
parameters. The cellular automata technique is one of the powerful 
tools for optimization complex systems. This method by using simple 
functions and local convergence while taking neighboring effects into 
account could result accurate global solution. 
The transition rule (function) of this model was derived from 
experimental in vitro data for C3H 10T1/2 mouse cells. 
This model results the number of transformation cells in different 
cumulative exposure of Radon (WLM) based on Cellular 
Automata  method that was illustrated in figures and they are in 
excellent agreement with experimental data. 
 
POS35-03. The contribution of delta rays to cancer induction in 
rat skin. Fredric Burns, M.(E.) Tang, F. Wu, NYU School of 
Medicine, USA 
 
A plausible, but still unproven, hypothesis of radiation carcinogenesis 
is that an inappropriate joining of DNA double strand breaks (DSBs) 
can create a critical initial lesion that disposes the cell to carcinogenic 
progression. Many such joinings occur but the cancer-relevant ones 
destabilize the cellular genome without compromising long-term 
cellular viability. Along the track of heavy ion particles, delta rays 
(electrons) are ejected with sufficient energy to produce ionizations of 
their own. A direct contribution of these delta rays to cancer induction 
by heavy ions is unlikely because of their comparatively wide spacing 
along the track and their radial orientation away from the track core. 
However as the ion flux increases, the ion tracks become more tightly 
packed, and the space between them becomes filled with a field of 
electron radiation, which is expected to have the same carcinogenicity 
as a field of pure electron radiation. Consequently any cancers that 
might be derived from this field are expected to occur in proportion to 
the square of the delta ray dose, i.e. Cancer Yielddelta ray = BD
2, as 
established for a pure electron beam. Since nearly all the energy of 
protons above about 200 meV is dissipated in the delta rays, for 
practical purposes such protons are carcinogenically-equivalent to a 
pure electron beam. Based on the above, a dose can be calculated 
where the heavy ion track and the delta rays contribute equally to 
overall cancer induction, i.e. Dequal = CL/B, where C and B are 
empirical parameters from cancer induction results in rat skin and L is 
the mean LET of the radiation. For several ion beams with different 
LET values (56Fe, 40Ar, 29Ne, 1H), each Dequal value corresponded to 
a consistent ion track separation distance of 0.67 microns. These 
findings strongly support the idea that delta ray overlap is a significant 
source of cancer induction for heavy ion radiations particularly at 
doses above Dequal and adds independently to the carcinogenicity of the 
central ion track. 
 
POS35-04. Harderian Gland Tumorigenesis: Low-Dose-, Low 
Dose-Rate- and LET-Response. Polly Y. Chang1, E.A. Blakely2, 1: 
SRI International, USA, 2: Lawrence Berkeley National Laboratory, 
USA 
 
Increased cancer risk remains one of the primary concerns for travel 
into deep space and may preclude manned missions to Mars due to the 
large uncertainties that currently exist in estimating cancer risk from 
the spectrum of radiation types found in space with available human 
epidemiological radiation-induced cancer data. Existing data on 
human risk of cancer from exposures to X- and gamma-rays must be 
scaled to the many types and fluences of radiations found in space 
using radiation quality factors and dose-rate modification factors, and 
assuming linearity of response since the shape of the dose-response at 
low doses below 100 mSv is unknown.  The murine Harderian gland 
tumorigenesis studies represent the most complete set of experimental 
observations and dose dependence available to assess the relationship 
of RBE to LET and dose rate for risk estimation of space [1-2]. 
However these data are lacking information on low dose responses 
below 0.5 Gy, at chronic low dose rate, and data in the LET region 
between 25 and 190 keV/µm. 
The goal of our project is to reduce uncertainties in the estimation of 
particle radiation carcinogenesis by use the existing data on Harderian 
gland tumorigenesis as reference, and extending the database using the 
same animal model to obtain Harderian gland tumor data for heavy 
ion beams not previously reported to fill the gaps in the LET range to 
improve our understanding of the dose-response curve at low doses 
(<50 cGy) and at low dose-rate (≤60 cGy/hr), and to test for 
deviations from linearity [3]. The hypothesis to be tested is that filling 
in these data gaps will delineate more comprehensively the space 
radiation risk of radiation-induced tumorigenesis, and in particular to 
provide data that will allow a test for a role of targeted versus non-
targeted effects in cancer risk.  Studies using low energy Silicon ions 
with LET‘s at ~80 keV/µm or Titanium ions with LET at ~115 
keV/µm are planned.  A 137Cs-gamma radiation low-dose response 
study will also be completed to allow comparisons with prior 
published work, and the calculation of relative biological 
effectiveness.  
Reference: 
1. Alpen EL, et al. Radiat Res 136, 382-391.1993. 
2. Fry RJ, et al. Adv Space Res 3, 241-248.1983. 
3. Cucinotta FA and Chappell LJ. Mutat Res 687 49-53.2010. 
 
POS35-05. Leukemia in atomic bomb survivors: towards a 
biophysical model. Fieke Dekkers1, H. Bijwaard1, T. v. Dillen1, W.L. 
Hsu2, H.M. Cullings2, M. Soda3, H. Sugiyama2, 1: RIVM - National 
Institute for Public Health and the Environment, Netherlands, 2: 
RERF, Hiroshima, Japan, 3: RERF, Nagasaki, Japan 
 
We apply a biologically motivated mechanistic model to describe 
radiation-induced leukemia incidence in survivors of the atomic 
bombs on Hiroshima and Nagasaki. The model yields risk estimates 
that can be compared with results from epidemiological studies, but 
more importantly, it provides insight into the impact of radiation 
action on leukemogenesis and forms a biologically motivated basis for 
the transfer of risks from acute exposures of the Japanese population 
to chronic, low dose exposures of any population. 
Inputs for the model are individual data on exposure to both gamma 
radiation and neutrons and on the incidence as well as mortality of 
leukemia in the Life Span Study cohort. Data were available for 
112,932 individuals, constituting approximately 3.5 million person-
years. These data are combined with biologically based information 
from the literature on the form of the mathematical equations that 
describe DNA damage by ionizing radiation and on the cells that are 
the target for radiation induced leukemogenesis. Parameters related to 
both radiation action and baseline leukemia incidence are determined 
with a maximum likelihood method using a simulated annealing 
routine. 
Baseline cancer rates vary across populations, but since the 
spontaneous incidence of cancer is described separately from radiation 
action in the model, risk transfer to populations where leukemia 
incidence is different is feasible: values for the parameters that 
describe baseline cancer incidence can be determined by fitting the 
model to mortality or incidence data of national cancer registries. We 
will present preliminary fitting results, with corresponding derived 
risk estimates and will show how these estimates translate to low-dose 
leukemia risk in a general population. These results provide important 
input for radiation protection measures. 
 
POS35-06. Cells in the thymus of the gamma-radiation target and 
of origin in lymphoma in Bcl11b heterozygous mice. Rieka Go, R. 
Kominami, Niigata University, Japan  
 
Mutations or deletion of BCL11B gene were found in 16% of human 
T-cell acute lymphoblastic leukemias (T-ALLs) and a half of 
the TLX1 oncogene-induced mouse T-cell or thymic lymphomas 
harbored Bcl11bgenetic changes, indicating Bcl11b as a tumor 
suppressor. Bcl11b was originally isolated by our group from the 
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analysis of γ-ray induced mouse thymic lymphomas and found to act 
as a haploinsufficient tumor suppressor gene. We previously showed 
that loss of one Bcl11b allele plays a key role in clonal expansion of 
premalignant thymocytes in irradiated Bcl11bKO/+ mice. However, 
what cells in the thymus are radiation targets leading to malignancy 
and how Bcl11b heterozygosity affects the irradiated cells remain 
open. In this study, we investigated what type of cells in thymus were 
targets of radiation and cells of origin in thymic lymphomas. Thus, we 
developed Lck-Cre;Bcl11bflox/+ mouse model, in 
which Bcl11b heterozygosity occurs only from a certain CD4/CD8 
double-negative stage of thymus. Such Lck-Cre;Bcl11bflox/+ mice were 
subjected to γ-irradiation of 3Gy at 8 weeks of age and their 
thymocytes were characterized of cell number, clonal expansion and 
differentiation. We found clonal expansion of premalignant 
thymocytes at a high frequency at 60 days after irradiation and 
premalignancy started mostly in thymocytes at a mature type of CD8 
single-positive cells bearing highly expressed TCRβ. These results 
suggest that cells of radiation target are differentiated cells in the 
thymus, not derived from progenitors in the bone marrow. However, 
these premalignant thymocytes tended to have characteristics of more 
immature thymocytes and were retained within the thymus. On the 
other hand, most of the overt thymic lymphomas had acquired the 
capability to emigrate to the periphery, forming lymphoblastic 
leukemias. These results may help understand that which type of cells 
can be the radiation target and cells of origin in cancer. 
 
POS35-07. Noninvasive monitoring of radiation-induced mouse 
thymic lymphoma by positron emission tomography and magnetic 
resonance imaging. Sumitaka Hasegawa, Y. Morokoshi, T. 
Furukawa, T. Saga, National Institute of Radiological Sciences, Japan 
 
Here we show in vivo imaging of radiation-induced mouse thymic 
lymphoma (TL) by positron emission tomography (PET) and 
magnetic resonance imaging (MRI). Molecular imaging using PET 
and MRI are widely used not only for clinical cancer diagnostics but 
also for animal models of cancer. The aim of this study is to establish 
a method for monitoring mouse thymic lymphoma (TL) development 
induced by ionizing radiation. For radiation lymphomagenesis, we 
used fractionated whole body X-ray irradiation protocol and thus 
irradiated 4 weeks-old C57BL/6 mice at 1.2 Gy weekly for 4 
consecutive weeks (total dose: 4.8 Gy). Three to six months after 
irradiation, affected mice showed body weight loss and difficulty in 
breathing. To assess the size of thymus of these affected mice, T1-
weighted images were acquired by high magnetic field animal 7T-
MRI scanner. PET with [18F]fluorodeoxyglucose (FDG) was also 
applied to mice with an enlarged thymus. FDG (~4MBq) was 
administrated into an affected mouse intravenously and a 10-min 
emission scan was started at 50 min after injection using Siemens 
Inveon small animal PET systems. FDG was highly accumulated in 
the affected thymus, suggesting that the lesions were metabolically 
active and malignant. Histopathological studies confirmed that they 
were T-cell lymphomas. Molecular imaging using PET and MRI 
allows us to trace the development and progression of mouse TL in 
living animals. Therefore, we propose that these techniques are 
powerful tools for detecting radiation-induced thymic lymphoma and 
would offer a new opportunity to understand the molecular and 
cellular mechanism(s) of radiation-induced mouse thymic lymphoma 
development. 
 
POS35-08. Mammary carcinogenesis after exposure of fetal, 
neonatal, juvenile and adult rats to γ rays and carbon ions. 
Tatsuhiko Imaoka1, M. Nishimura1, K. Daino1, D. Iizuka2, T. 
Kokubo3, Y. Nishimura1, T. Okutani4, M. Takabatake5, S. Kakinuma6, 
T. Takabatake7, Y. Shang1, Y. Shimada8, 1: Radiobiology for 
Children‘s Health Program, Research Center for Radiation Protection, 
National Institute of Radiological Sciences, Japan, 2: Department of 
Molecular Radiobiology, Research Institute for Radiation Biology and 
Medicine, Hiroshima University; Radiobiology for Children‘s Health 
Program, Research Center for Radiation Protection, National Institute 
of Radiological Sciences, Japan, 3: Department of Technical Support 
and Development, Research Development and Support Center, 
National Institute of Radiological Sciences, Japan, 4: Department of 
Biology, Graduate School of Science, Chiba University; Radiobiology 
for Children‘s Health Program, Research Center for Radiation 
Protection, National Institute of Radiological Sciences, japan 5: 
Department of Radiological Sciences, Graduate School of Human 
Health Sciences, Tokyo Metropolitan University; Radiobiology for 
Children‘s Health Program, Research Center for Radiation Protection, 
National Institute of Radiological Sciences, Japan, 6: Radiobiology for 
Children‘s Health Program, Research Center for Radiation Protection, 
National Institute of Radiological Sciences; Programs for Biomedical 
Research, Graduate School of Biomedical Sciences, Hiroshima 
University, Japan, 7: Department of Radiation Emergency Medicine, 
Research Center for Radiation Emergency Medicine, National 
Institute of Radiological Sciences, Japan, 8: Radiobiology for 
Children‘s Health Program, Research Center for Radiation Protection 
and Medical Exposure Research Project, National Institute of 
Radiological Sciences; Department of Nanobiology, Graduate School 
of Advanced Integration Science, Chiba University, Japan 
 
Background: The risk of developing secondary cancer after 
radiotherapy, especially after the treatment of childhood cancers, has 
been a matter of great concern. Epidemiologic studies have suggested 
that the breast is one of the most susceptible organs to radiation-
induced carcinogenesis. However, little information is available on the 
effect of carbon ion radiation on breast carcinogenesis in children. 
Experimental procedures: Experiment 1. Female Jcl:SD Sprague-
Dawley rats were whole body–irradiated with 1 Gy of Cs-137 γ rays 
or a monoenergetic carbon ion beam (290 MeV/u, having linear 
energy transfer [LET] of ~13 keV/μm) at various ages from the 
embryonic stage to adulthood. Experiment 2. Neonatal, juvenile and 
young adult rats (1, 3 and 7 weeks of age, respectively) were 
irradiated with γ rays or monoenergetic carbon ions at various doses 
between 0.2 and 2 Gy. In both experiments, the rats were observed 
until 90 weeks of age and incidence of mammary carcinoma was 
analyzed. 
Results: The incidence of mammary carcinoma was increased in 
groups of rats irradiated with 1 Gy of either γ rays or carbon ions 
between 1 and 7 postnatal weeks; irradiation of fetal rats with either 
radiation did not increase the incidence. The dose response showed an 
irregularity at 2 Gy, which may be due to early cessation of the estrous 
cycle caused by the damage to the ovarian follicles. Dose responses of 
γ rays below 1 Gy were similar among the groups of rats irradiated at 
1, 3 and 7 weeks of age. The effect of heavy ions tended to increase 
along with the age at the time of irradiation, indicating small relative 
biological effectiveness (<2). 
Conclusion: Irradiation of immature mammary gland with carbon ions 
with LET of ~13 keV/μm has a small carcinogenic effect, compared to 
our previous result on the spread-out Bragg peak beam having LET of 
40–90 keV/μm (Int J Radiat Oncol Biol Phys 69:194). 
 
POS35-09. Lifespan shortening after exposure of mice at fetal, 
childhood and adulthood periods to gamma-rays and carbon 
ions. Shizuko Kakinuma1, Y. Shang1, Y. Amasaki1, S. Hirano2, T. 
Sawai1, M. Nishimura1, T. Takabatake1, K. Yamauchi1, A. Nakata1, Y. 
Sawa3, T. Imaoka1, Y. Shimada1, 1: National Institute of Radiological 
Sciences, Japan, 2: National Institute of Radiological Sciences, 
Juntendo University, Japan, 3: National Institute of Radiological 
Sciences, Chiba University, Japan 
 
Background: There are insufficient data at present on cancer risk after 
exposure of heavy ions, to the fetal and childhood periods. Using 
animal models, we studied the age-at-exposure effects of heavy ions 
on cancer induction and lifespan shortening for radiation protection 
for fetuses and children. 
Materials and Methods: Fifty female and male B6C3F1 mice per 
group were exposed to gamma rays (137Cs) or carbon ions (13 
keV/µm) at various ages from fetal to mature adulthood 
periods.  Mouse ages at the time of irradiation included pre-
implantation (3 days post-conception (dpc)), major organogenesis (13 
dpc), late fetal (17 dpc), neonatal (1 week after birth), infantile (3 
weeks), young adulthood (7 weeks) and mature adulthood stages (15 
weeks).  The doses ranged between 0.2 and 4 Gy for gamma rays and 
0.2 and 2 Gy for carbon ions. The mice were observed until moribund 
and their lifespan and the developed cancers were analyzed. 
Results and Discussion: Our study indicated that female mice 
appeared to be more susceptible to radiation-induced lifespan 
shortening than male mice. Effect of gamma-rays on lifespan 
shortening was more manifested when irradiated at neonatal than adult 
stage. Surprisingly, irradiation with gamma rays at the late fetal stage 
had little influence on lifespan shortening compared to infant and 
adulthood exposures. On the other hand, carbon ions were more potent 
in reducing lifespan than gamma rays when female neonatal mice 
were exposed. When carbon ions were exposed, however, fetuses 
were as susceptible as infants. The results on the lifespan shortening 
suggest a larger RBE of carbon ions for fetuses than later stages. The 
RBE of carbon ions for reducing the tumor-free survival rate was ~1.0 
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for fetuses, suggesting that RBE of 13keV/µm carbon for cancer 
induction is 1.0 ~ 1.5 irrespective of age-at-exposure. 
Key words: radiation carcinogenesis, lifespan shortening, age-at-
exposure, RBE.  
 
POS35-10. Role of mutagenic 8-nitroguanine in estrogen-
dependent radiation-induced mammary tumorigenesis of rats. 
Shosuke Kawanishi1, N. Ma2, M. Onoda3, H. Inano3, S. Ohnishi1, M. 
Murata4, 1: Faculty of Pharmaceutical Sciences, Suzuka University of 
Medical Science, Suzuka, Japan, 2: Faculty of Health Sciences, 
Suzuka University of Medical Science, Japan, 3: Research Center for 
Radiation Protection, National Institute of Radiological Sciences, 
Japan, 4: Department of Environmental and Molecular Medicine, Mie 
University Graduate School of Medicine, Japan 
 
Radiation of female rats during lactation results in a higher incidence 
of mammary tumors.  Inano and Onoda have reported that nitric oxide 
(NO) participates in the formation of estrogen-dependent mammary 
adenocarcinomas following radiation.  Reactive oxygen species (ROS) 
and reactive nitrogen species (RNS) are considered to play important 
roles in carcinogenesis through oxidative and nitrative DNA 
damage.  Kawanishi and colleagues have demonstrated the formation 
of 8-nitroguanine as a potential biomarker to evaluate the risk of 
inflammation-related carcinogenesis in humans and animals.  8-
Nitroguanine is a nitrative DNA lesion caused by RNS, which can 
lead to mutation via generating apurinic site in DNA.  In this study, 
we examined 8-nitroguanine formation in mammary tumorigenesis 
induced by radiation with steroid analogue in rats. 
Wistar-MS rats were exposed to whole-body irradiation with gamma-
rays (1.5 Gy) at day 21 of lactation, and then implanted with a pellet 
of diethylstilbestrol (DES, a tumor promoter) in the interscapular area 
at one month after irradiation.  After 1 year for the development of 
mammary tumors, mammary tissues were obtained, fixed with 
formalin, embedded in paraffin, and followed by 
immunohistochemical analyses.  Wistar-MS rats were primed by 
implantation with 17beta-estradiol (E2) pellet.  After 2 weeks of 
priming the mammary glands were isolated, diced into 5-mm cubes 
and cultured with an appropriate medium for 24h.  The cultured 
mammary glands were then irradiated with X-rays (0, 5, 10, 20 Gy), 
incubated for additional 20h, fixed with formalin, and analyzed as 
described above. 
In the current study the formation of 8-nitroguanine was clearly 
obserbed in fibroadenomas and adenocarcinomas developed in rats 
treated with gamma-rays and DES.  This suggests that nitrative DNA 
damage was induced and accumulated in rat mammary glands by 
radiation and DES.  The formation of 8-nitroguanine were also 
detected in mammary glands irradiated in the culture after isolation 
from E2-treated rats.  Interestingly, the immunoreactivity to 8-
nitroguanine appeared to increase in dose-dependent manner of X-
rays. In conclusion, iNOS-derived NO may play a role in the 
formation of estrogen-dependent mammary adenocarcinomas via 8-
nitroguanine formation following radiation. 
 
POS35-11. Reversible knockdown of the tumor suppressor p53 
during total-body irradiation prevents radiation-induced 
lymphomagenesis. David Kirsch1, C. Lee1, J. Blum1, J. Sullivan1, L. 
Jeffords1, Y. Kim2, 1: Duke University, USA, 2: North Carolina State 
University, USA 
 
Radiation therapy can cause acute toxicity and long-term side effects 
including radiation-induced cancer. Because part of the short-term 
side effects of radiation are due to p53-mediated apoptosis, blocking 
p53 during radiation can protect some normal tissues from acute 
radiation injury and might improve the therapeutic ratio of radiation 
therapy. However, temporarily blocking p53 could also increase late 
effects of radiation because mice in which p53 is permanently deleted 
are sensitized to radiation-induced carcinogenesis. Experiments using 
a mouse model where p53 can be temporarily turned on during 
irradiation suggest that radiation-induced apoptosis does not 
contribute to p53-mediated tumor suppression. Here, we perform 
reciprocal experiments and temporarily turn p53 off during total-body 
irradiation (TBI) using transgenic mice with reversible RNA 
interference. We found that p53 knockdown during and permanently 
after TBI sensitized mice to radiation-induced carcinogenesis, which 
recapitulates the tumor spectrum of p53+/- mice exposed to irradiation. 
In contrast, we found temporary knockdown of p53 during TBI 
prevented lymphoma development. Because temporary knockdown of 
p53 during TBI suppressed cell death in hematopoietic progenitors, 
our results indicate that ameliorating p53-mediated hematologic 
radiation toxicity prevented lymphoma formation. Taken together, we 
show that although p53 is indispensible to suppress tumor formation 
after radiation, p53 functions during TBI to promote radiation-induced 
lymphomagenesis. 
 
POS35-12. Array Profiling and Pathway Prediction Analysis 
Indentified miR-467a as a Novel Therapeutic Target for 
Radiation-induced Thymic Lymphoma. Cong Liu1, B. Li1, R.E.J. 
Mitchel2, J. Lin1, F. Gao1, J. Cai1, 1: Department of Radiation 
Medicine, Faculty of Naval Medicine, Second Military Medical 
University, Shanghai, PR China, 2: Radiation Protection Research and 
Instrumentation Branch, Atomic Energy of Canada Limited, Chalk 
River Laboratories, Canada. 
  
Dysregulation of certain microRNAs (miRNAs) has been shown to 
promote tumorigenesis. However, the functions and targets of only a 
few mammalian miRNAs are known. In particular, the miRNAs that 
participate in radiation induced carcinogenesis remain undefined. In 
this in vivo BALB/c mouse study, we found that miRNAs were 
aberrantly expressed in radiation-induced thymic lymphoma tissues. 
The overall miRNA screening identified a number of miRNAs altered 
in radiation induced carcinogenesis and probably involved in the 
development of this neoplasia. Specifically, we found that four 
miRNAs, namely miR-467a, miR-762, miR-455 and miR-714, were 
among the most up-regulated miRNAs in radiation-induced thymic 
lymphoma tissues (P<0.001, up-regulated >4 fold). Pathway 
Prediction by an informatics method found that these four miRNAs 
may potentially target the apoptosis pathway (P<0.0001). In 
particular,  we found that miR-467a had a strong anti-apoptotic 
function, and may be unique by directly targeting 11 apoptosis related 
molecules. We identified two direct targets of miR-467a, the pro-
apoptosis molecules Fas and Bax, which were significantly down-
regulated in radiation-induced thymic lymphoma tissue 
samples.  Furthermore, knockdown of miR-467a suppressed the 
growth of murine thymic lymphoma EL4 cells as well as primary 
radiation induced thymic lymphoma cells in vitro and in vivo, 
indicating that miR-467a may be a novel therapeutic target for 
radiation-induced thymic lymphoma. Finally, we showed that miR-
467a can be stable in serum and serve as a novel biomarker of 
radiation carcinogenesis. Taken together, these data strongly suggest 
that miR-467a is associated with the pathogenesis of, and useful in the 
diagnosis of radiation-induced thymic lymphoma in BALB/c mice, 
and may be a novel therapeutic target for radiation induced thymic 
lymphoma.  
Table 1. The selected pathway prediction result: Apoptosis pathway. 
The table lists important molecules in the apoptosis pathway that the 4 
validated, highest up-regulated miRNAs (miR-762, miR-714, miR-
455 & miR-467a) may potentially target. This table also indicated that 
miR-467a may target 11 apoptosis related moleculars. 
PathwayName Total Pvalue Qvalue Gene InputSymbol 
Apoptosis 3 0.0 1.0E-6 Bax mmu-miR-467a;mmu-miR-455 
Apoptosis 3 0.0 1.0E-6 Bad mmu-miR-455 
Apoptosis 3 0.0 1.0E-6 Birc3 mmu-miR-467a;mmu-miR-762 
Apoptosis 3 0.0 1.0E-6 Capn1 mmu-miR-762 
Apoptosis 3 0.0 1.0E-6 Casp6 mmu-miR-455 
Apoptosis 3 0.0 1.0E-6 Cflar mmu-miR-455;mmu-miR-467a 
Apoptosis 3 0.0 1.0E-6 Chuk mmu-miR-467a 
Apoptosis 3 0.0 1.0E-6 Dffa mmu-miR-455 
Apoptosis 3 0.0 1.0E-6 Fas mmu-miR-467a 
Apoptosis 3 0.0 1.0E-6 Fasl mmu-miR-467a 
Apoptosis 3 0.0 1.0E-6 Ikbkg mmu-miR-467a 
Apoptosis 3 0.0 1.0E-6 Il1b mmu-miR-455 
Apoptosis 3 0.0 1.0E-6 Il1rap mmu-miR-467a 
Apoptosis 3 0.0 1.0E-6 Nfkb2 mmu-miR-762 
Apoptosis 3 0.0 1.0E-6 Nfkbia mmu-miR-467a 
Apoptosis 3 0.0 1.0E-6 Pik3cd mmu-miR-467a 
Apoptosis 3 0.0 1.0E-6 Rela mmu-miR-762 
Apoptosis 3 0.0 1.0E-6 Tnf mmu-miR-762;mmu-miR-455 
Apoptosis 3 0.0 1.0E-6 Tnfrsf1a mmu-miR-455 
Apoptosis 3 0.0 1.0E-6 Trp53 mmu-miR-762 
Apoptosis 3 0.0 1.0E-6 Xiap mmu-miR-467a 




POS35-13. HLA-G modulates the radiosensitivity of human 
neoplastic cells. Severino Michelin1, C. Gallegos1, S.B. Trasci1, D. 
Dubner1, B. Favier2, E.D. Carosella2, 1: Nuclear Regulatory Authority, 
Argentina,  2: CEA, France 
 
HLA-G molecule is characterized by low polymorphism and tissue-
restricted expression. It can be induced in transplantation, 
inflammatory diseases, cancer, multiple sclerosis, and viral infections. 
The expression of HLA-G gene is regulated through epigenetic 
mechanisms, and occurs at the transcriptional and post transcriptional 
level. The HLA-G primary transcript yields the production of 7 
isoforms: 4 membrane-bound (HLA-G1 to -G4), and 3 soluble (HLA-
G5 to -G7). 
Functionally, HLA-G inhibits the cytolytic function of NK cells and T 
lymphocytes, the alloproliferative response of CD4+ T cells, the on-
going proliferation of T cells and NK cells, the maturation of dendritic 
cells and induces regulatory T cells. HLA-G mediates this inhibitory 
action by binding to the inhibitory receptors ILT2, ILT4 and 
KIR2DL4. 
Clinically, the expression of HLA-G has been correlated with the 
tolerance of the fetus by its mother, the acceptance of solid organ 
transplants, and the immune escape of tumors and virus-infected cells. 
It has been determined that gamma radiation modulates HLA-G 
expression at the plasma membrane of human melanoma cells. 
However its role in tumoral radiosensitivity has not been 
demonstrated yet. 
The objective of this work was to determine if the radiosensitivity of 
human neoplastic cell lines cultured in vitro was mediated by HLA-G 
expression. 
For this, 5 Gy gamma irradiation was performed on HLA-G negative 
(M8 G-) and HLA-G positive (M8 G+) human melanoma cells and in 
HLA-G negative and HLA-G positive erythroleukemia cells (K562). 
The M8 G+ survival frequency, evaluated by clonogenic assay 20 
days post irradiation was diminished by 40% respect to the M8 G- cell 
line. No significant differences were observed in the apoptosis level or 
cell cycle profile between both M8 G+ and M8 G- cell lines. HLA-G1 
surface expression was decreased in irradiated M8 G+ cells (~ 20% 
diminution 24 h post irradiation) and was accompanied by the 
concomitant increase in sHLA-G1 levels in the culture medium. 
The survival of the K562 G+ cell line was diminished by 20% with 
respect to K562 G- cells, 5 days pos-irradiation, suggesting that this 
response is not exclusive of the melanoma cell line. 
In summary, our results indicate for the first time that HLA-G confers 
higher radiosensitivity to human neoplastic cells, and would be a 
useful contribution for the optimization of radiotherapy protocols. 
Keywords: radiosensitivity; HLA-G; neoplastic cells; gamma 
radiation 
 
POS35-14. Loss of heterozygosity and copy number changes in the 
genome of radiation-induced mammary carcinoma of (Sprague-
Dawley × Copenhagen) F1 hybrid rats. Mayumi Nishimura, T. 
Imaoka, T. Takabatake, M. Fukuda, K. Daino, S. Kakinuma, M. 
Takabatake, Y. Shimada, National Institute of Radiological Sciences, 
Japan 
 
Background: Epidemiological studies indicate that breast is one of the 
most susceptible organs to radiation-induced carcinogenesis.  Most 
studies, however, have failed in identifying clear genetic alterations in 
radiation-induced breast/mammary cancers.  We therefore aimed at 
identifying genomic changes in the radiation-induced rat mammary 
cancers. 
Experimental procedures:  F1 hybrid rats were generated by crossing 
mammary cancer susceptible Sprague-Dawley females with resistant 
Copenhagen males. They were exposed to 4 Gy gamma-rays at 7 
weeks of age and underwent autopsy at the time of spontaneous death. 
Genome-wide DNA copy number was analyzed by array comparative 
genomic hybridization. Loss of heterozygosity (LOH) and quantitative 
RT-PCR analyses were also performed. 
Results: Copy number losses were identified in small regions of 
chromosomes 1q52, 2q12–15 and 3q31–36. These correspond to the 
syntenic regions of human chromosomes, 10q23, 5q11.2 and 11p13-
14, respectively, where genomic loci is frequently reported to be 
deleted. LOH was observed frequently in chromosomes 1 and 2; the 
loss was either paternal or maternal depending on the chromosome. 
The lost region of chromosomes 1–3 contained breast cancer–related 
genes such as  Pten,  Pik3r1,  Fas,  Map3k1,  Wt1, 
Il6st,  Rad51,  Bcl2l11 and Tp53bp. Among these genes, expression 
of Fas and Il6st was significantly lower than that in the normal 
mammary gland. 
Conclusions: The loss of above chromosomal regions may be 
causative in radiation induction of rat mammary carcinoma through 
abrogation of apoptosis and interleukin 6 pathways. 
 
POS35-15. Dynamics of delayed p53 mutations in mice given 
whole-body irradiation at eight weeks. Ryuji Okazaki1, A. 
Ootsuyama1, Y. Mabuchi2, Y. Matsuzaki2, Y. Michikawa3, T. Imai3, 1: 
University of Occupational and Environmental Health, Japan, 2: Keio 
University, Japan, 3: National Institute of Radiological Sciences, 
Japan 
 
Purpose: Ionizing irradiation might induce delayed genotoxic effects 
in a p53-dependent manner. However, there are a few reports that 
show a p53 mutation as a delayed effect of radiation. In this study, we 
investigated the p53 gene mutation by the translocation frequency in 
chromosome 11, loss of p53 alleles,p53 gene methylation, p53 
nucleotide sequence and p53 protein expression/phosphorylation in 
p53+/+ andp53+/- mice after irradiation at a young age. 
Materials and Methods: p53+/+ and p53+/- mice were exposed to 3 Gy 
of whole-body irradiation at eight weeks of age. Chromosome 
instability was evaluated by FISH analysis. p53 allele loss was 
evaluated by PCR, and p53 methylation was evaluated by 
methylation-specific PCR. p53 sequence analysis was performed. p53 
protein expression was evaluated by western blotting. 
Results: The translocation frequency in chromosome 11 showed a 
delayed increase after irradiation. In old irradiated mice, the number 
of mouse that showed p53 allele loss and p53 methylation increased 
compared to these numbers in old non-irradiated mice. In two old 
irradiated p53+/- mice, the p53 sequence showed hetero-mutation. In 
old irradiated mice, the p53 and phospho-p53 protein expressions 
decreased compared to old non-irradiated mice. 
Conclusion: We concluded that irradiation at a young age induced 
delayed p53 mutations and p53 protein suppression. 
 
POS35-16. Molecular and clinico-pathological analysis of sporadic 
pediatric thyroid cancers in Belarus. Tatiana Rogounovitch1, V. 
Saenko2, S. Mankovskaya3, M. Fridman4, M. Matsuse1, N. Mitsutake1, 
Y. Demidchik5, S. Yamashita1, 1: Department of Radiation Medical 
Sciences, Atomic Bomb Disease Institute, Nagasaki University, Japan, 
2: Department of Helath Risk Control, Atomic Bomb Disease 
Institute, Nagasaki University, Japan, 3: Institute of Physiology, NAS 
of Belarus, 4: Republican Centre for Thyroid Tumors, Minsk, Belarus, 
5: Belarusian Medical Academy for Post Graduate Education, Minsk, 
Belarus 
 
Mutational and clinical features in pediatric patients with papillary 
thyroid carcinoma (PTC) in Belarus have been mostly studied in 
radiation-related series after the Chernobyl accident. Comparative 
characteristics of currently diagnosed childhood PTCs remain poorly 
addressed. In this investigation we analyzed the prevalence of BRAF 
T1799A point mutation, RAS gene family mutations, and RET/PTC 
and AKAP9/BRAF rearrangements in 34 sporadic PTCs diagnosed in 
Belarusian children who were born 2 - 16 years after the Chernobyl 
accident and therefore were not exposed to radioactive fallouts. Mean 
age at the time of operation was 12.4 ± 2.4 y.o., range 5 - 15 y.o. Sex 
distribution in the analyzed group was: males – 12/34 (35.3%), 
females – 22/34 (64.7%), sex ratio 0.55. Tumor size varied from 6 to 
45 mm, mean 16.1 ± 9.0 mm. We found 10/34 (29.4%) of tumors with 
RET/PTC rearrangements (4 of 10 (40%) with RET/PTC1 and 6 of 10 
(60%) with RET/PTC3 rearrangements) and 5/34 (14.7 %) tumors 
with BRAF mutation. RET/PTC rearrangements and BRAF mutation 
did not coexist in any tumor. No mutations in codons 12, 13 and 61 of 
K-, N- and H-RAS, or AKAP9/BRAF rearrangement were detected. 
The subgroups of patients harboring different genetic abnormalities 
did not differ significantly in terms of age, tumor size and 
morphology, perhaps due to relatively small sample size. Mutational 
frequencies in this series, although being somewhat lower for 
RET/PTC rearrangements and slightly higher than expected for BRAF 
T1799A, did not differ significantly from the previously reported 
prevalence of these mutations in radiation-induced and sporadic 
pediatric PTCs. Clinical and pathomorphological characteristics, such 
as extrathyroidal invasion, lymph node involvement and distant 
metastases, tumor stage, association of the conventional papillary 
variant of PTC with BRAF mutation and RET/PTC1, and solid variant 
with RET/PTC3 parallel those described in radiation-induced pediatric 
PTCs. The obtained results demonstrate that sporadic childhood PTCs 
display clinical features similar to those of radiation-induced PTCs, 




POS35-17. Molecular epidemiology study of Chernobyl thyroid 
cancer. Vladimir Saenko1, M. Takahashi2, T. Rogounovitch3, T. 
Kawaguchi2, V. Drozd4, N. Akulevich4, L. Danilova4, Y. Demidchik4, 
M. Lushchik4, N. Mitsutake3, R. Yamada 2, M. Lathrop5, F. Matsuda2, 
S. Yamashita3, 1: Department of Health Risk Control, Atomic Bomb 
Disease Institute, Nagasaki University , Japan, 2: Center for Genomic 
Medicine, Kyoto University Graduate School of Medicine, Japan, 3: 
Department of Radiation Medical Sciences, Atomic Bomb Disease 
Institute, Nagasaki University, Japan, 4: Belarusian Medical Academy 
for Post Graduate Education, Minsk, Belarus, 5: Centre National de 
Genotypage, Institut Genomique, Evry, France 
 
Ionizing radiation is a well-recognized etiological factor that increases 
the risk of the development of papillary thyroid carcinoma (PTC) in 
exposed individuals. The purpose of this work was to determine 
whether inherited genetic variability may play a role in susceptibility 
to radiation-related PTC after Chernobyl. 
To identify genetic factors, a large-scale case-control association study 
was undertaken. A total of 667 patients diagnosed for PTC during 
1989–2009 and 827 healthy individuals from Belarus, and 448 
population controls from Russia were enrolled. A genome-wide 
association study (GWAS) performed in two phases was followed by 
a validation study involving an additional independent set of cases and 
controls. 
Our GWAS identified four SNPs in strong linkage disequilibrium 
(LD) with each other at chromosome 9q22.33 significantly associating 
with the disease. A validation analysis for one of these SNPs 
(rs965513) returned an overall P=4.8E-12 by meta-analysis with an 
odds ratio = 1.65 (95% confidence interval: 1.43 - 1.91). This SNP is 
located within an LD block centromeric to the FOXE1 gene which 
encodes a thyroid-specific transcription factor TTF2. Rs965513 was 
recently shown by GWAS to be the strongest genetic marker of 
sporadic thyroid cancer in individuals of European descent. Another 
study, using a target gene approach, reported a functional SNP 
(rs1867277) within the LD block spanning FOXE1 as associating with 
sporadic PTC. Interestingly, rs944289 on chromosome 14q13.3 in the 
proximity of the NKX2-1 gene (encodes a thyroid-specific TTF1 
transcription factor) showing strong association with sporadic PTC in 
Europeans, was not significant in our results (P=0.17). Instead, we 
observed a strong tendency for two other SNPs on chromosomes 4q 
and 5q associating with disease risk, but genotyping of additional 
samples, currently underway, is necessary to validate their 
significance. 
We conclude that among the genetic factors affecting risk for 
developing radiation-induced PTC, the strongest is the same which 
confers predisposition to the sporadic form of this cancer and that the 
effect of putative radiation-associated markers, in terms of its strength, 
comes next to and after the general susceptibility to thyroid cancer. 
 
POS35-18. Radiation-induced marked reduction in hematopoietic 
progenitor cells in infant leukemia prone C3H/He mouse. Yoshiya 
Shimada1, K. Ariyoshi1, S. Kakinuma2, T. Takabatake1, M. 
Shinagawa1, K. Kadono1, M. Nishimura1, 1: National Institute of 
Radiological Sciences, Japan, 2: National Institute of Radiological 
Sciences, Hiroshima University, Japan 
 
Background: Age–at–exposure is a critical factor that influences the 
risk of radiation leukemogenesis. Whereas adult C3H/He mice are 
prone to develop myeloid leukemia after ionizing-radiation (IR) 
exposure, fetal and neonatal mice are resistant. Nakano et al. reported 
that dose response of chromosomal translation in hematopoietic cells 
was not observed in mice irradiated in utero or soon after birth. They 
hypothesized that the fetal or neonatal hematopoietic stem cells are 
genetically highly sensitive to ionizing radiation, so that the aberrant 
cells disappear soon after IR exposure. The purpose of this study was 
to determine the sensitivity to IR of developing hematopoietic cells 
both in vitro and in vivo. 
Experimental procedures: After in vivo gamma-ray irradiation to the 1 
week-old to 14 week-old C3H/He mice, the survival of hematopoietic 
progenitor cells was determined by both colony forming assay in vitro 
using MthoCult kit and spleen colony formation assay in vivo. The 
gene expression profiles of bone marrow cells from 1 week-old and 8 
week-old mice were also examined. 
Results: A marked reduction in the number of colony forming cells 
was observed after in vivo irradiation in the 1 week-old mice; the 
colony forming unit-granulocyte macrophage (CFU-GM), burst-
forming unit-erythroid (BFU-E) and colony forming unit-spleen 
(CFU-S) of irradiated 1 week-old mice were more radiosensitive than 
those of older ages. Interestingly, in vitro irradiation did not show age 
difference between 1 week-old mice to 14 week-old mice. This 
suggests that in vivo microenvironment and/or its response to IR 
critically affects the radiation sensitivity of hematopoietic progenitor 
cells. 
Further, the gene expression profiles of bone marrow cells revealed 
that expression of cytokines and chemokines which can stimulate 
hematopoietic progenitor cell growth or survival, were reduced in 1 
week-old mice compared to those of 8 week-old mice. 
Conclusion: These results demonstrate that hematopoietic progenitor 
cells of neonatal stage are radiation sensitive, which may associate the 
lack of expression of survival cytokine and chemokine after ionizing 
radiation. 
 
POS35-19. Analysis of Non-Tumor Dose for Radiation-Induced 
Cancer as a Function of Dose-Rate. Hiroshi Tanooka, Radiation 
Effects Association, Japan 
 
Radiation-induced cancer risk depends not only on the total dose of 
radiation delivered, but also on the dose-rate and the whole-body or 
partial body exposure conditions. To demonstrate the dose-rate effect 
on the radiation-induced cancer risk, non-tumor dose (Dnt), defined as 
the highest radiation dose at which no statistically significant increase 
of tumors is observed above the control level, was surveyed on the 
dose-response curves for radiation-induced cancers of experimental 
animals and humans in the literature, and plotted as a function of 
dose-rate, ranging from 2x10-9 Gy/min, an environmental level, to 
108 Gy/min, A-bomb survivors level. Dnt values were grouped in four 
categories, i. e., for low and high LET and for whole-body and partial-
body exposures and the regression line was drawn for each exposure 
condition. For whole-body radiation with low LET, Dnt appeared to be 
constant for dose-rate from 108 down to 1 Gy/min, below which 
Dnt increased with decreasing dose-rate up to 20-fold at an 
environmental level. Partial-body radiation exhibited 10-fold higher 
Dnt with similar dose-rate dependence. High LET radiation also 
exhibited the dose-rate dependence of Dnt at a 10-fold lower level as 
compared with low LET. The discrepancy in the dose-response 
between leukemia incidence in A-bomb survivors and bone sarcoma 
incidence in radium painters in the literature can be explained by a 
difference in Dnt in the regression line between exposure conditions, i. 
e., acute whole-body and chronic partial-body exposures. 
In conclusion, the non-tumor dose Dnt inversely varies with the dose-
rate of radiation, more than 100-fold depending on exposure 
condition, and serves as a measure of the safety level for cancer risk of 
radiation at different exposure patterns. 
Reference. H. Tanooka. Int. J. Rad. Biol. 77, 541-551, 2001; Health 
Phys. 100, 304-305, 2011; Int. J. Rad. Biol. in press. Early Online, pp. 
1-8, 2011.   
 
POS35-20. Opposite modifying effects of HR and NHEJ deficiency 
on cancer risk in PTC1 heterozygous mouse cerebellum. Mirella 
Tanori1, A. Saran1, E. Pasquali2, S. Leonardi1, P. Giardullo2, V. Di 
Majo1, G. Tacciali3, J. Essers4, R. Kanaar5, L.H. Mullenders6, M.J. 
Atkinson7, M. Mancuso1, S. Pazzaglia1, 1: Laboratory of Radiation 
Biology and Biomedicine, Agenzia Nazionale per le Nuove 
Tecnologie, l‘Energia e lo Sviluppo Economico Sostenibile (ENEA) 
CR-Casaccia, Rome, Italy, 2: Department of Radiation Physics, 
Università degli Studi Guglielmo Marconi, Rome, Italy, 3: Goldman 
School of Dental Medicine, Boston University, USA, 4: Cancer 
Genomics Center, Netherlands, 5: Erasmus Medical Center, 
Rotterdam, Netherlands, 6: Leiden University Medical Centre, Leiden, 
Netherlands, 7: Helmholtz Zentrum München-German Research 
Center for Environment and Health, Neuherberg, Germany 
 
Recent evidence has linked DNA damage and DNA repair alterations 
with brain tumors. Glioma is associated with germline abnormalities 
manifested as either gene polymorphisms or hemizygous mutations of 
DNA repair genes. Moreover, various combinations of targeted 
deletions in genes controlling cell cycle checkpoints, apoptosis and 
DNA repair result in medulloblastoma (MB) in mice. Non-
homologous end joining (NHEJ) and homologous recombination (HR) 
contribute to genome stability, and deficiencies in either pathway 
predispose to genome rearrangements. We tested the role of defective 
HR or NHEJ in tumorigenesis in a well established MB mouse model, 
the Patched1 heterozygous (Ptc1+/-) mice, in which neonatal exposure 
to ionizing radiation dramatically increases the frequency and shortens 
the latency of MB. Loss of the normal remaining Ptc1 allele is 
characteristic of these tumors, suggesting that genome rearrangements 
may be key events in MB development. In this study, control and 
irradiated Ptc1+/- mice with two, one or no functional Rad54 or DNA-
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PKcs alleles were monitored for MB development. We also examined 
the effect of Rad54- or DNA-PKcs-deletion on the processing of 
endogenous and radiation-induced double-strand breaks (DSBs) in 
neural precursors of the developing cerebellum, the cells of origin of 
MB. We found that, although HR and NHEJ collaborate in protecting 
cells from DNA damage and apoptosis, they have opposite roles in 
MB tumorigenesis. In fact, while Rad54 deficiency increased both 
spontaneous and radiation-induced MB development, DNA-
PKcs disruption suppressed MB tumorigenesis. Together, our data 
provide the first evidence that the distinct activities of DSBs repair 
pathways may differentially affect cancer risk by radiation. 
 
POS35-21. RBE of mammography X-rays at the level of DNA dsb 
and chromosomal damage. Bert Thierens, A. Baert, V. Vandersickel, 
J. Depuydt, A. Vral, University of Gent, Belgium 
 
Introduction: Breast cancer (BC) affects approximately 1 in 9 women. 
In many countries, BC screening programs based on periodic 
mammography exist for women aged between 50-70 years to diagnose 
BC in an early stage. Although breast doses are low in mammography 
(typically 4 mGy two-view mammography), the risk for radiation-
induced BC cannot be neglected in view of the large population size 
and the repetitive character involved in this type of asymptomatic 
screening. Furthermore, recent studies pointed to a significantly higher 
radiobiological efficacy of low-energy X-rays used for mammography 
(30kV) compared to conventional higher kV X-rays. In view of the 
importance of a correct calculation of the detection over induction 
ratio in the screening population more in vitro radiobiological studies 
are needed to investigate the damaging effect of mammography X-
rays at DNA and chromosomal level. 
Methods: Blood of 5 healthy donors was irradiated in vitro with 
mammography X-rays and Co-60 g-rays with doses ranging from 5 to 
2000 mGy. The gH2AX-foci technique was used to quantify the DNA 
double strand breaks (dsb) 30 min after irradiation in lymphocytes. 
The resulting chromosomal damage, after repair/misrepair of the DNA 
dsb, was quantified with the micronucleus (MN) assay. 
Results: For both radiation qualities and endpoints the threshold 
detection dose, leading to a significant increase compared to sham-
irradiated controls, was determined. For the gH2AX-foci test a 
threshold dose of 10 mGy was obtained for mammography X-rays 
compared to 100 mGy for g-rays. For the MN-assay a threshold dose 
of 50 mGy was obtained for mammography X-rays compared to 200 
mGy for g-rays. Calculation of RBE values for mammography X-rays 
resulted in RBE values higher than 1 for both endpoints. In the low-
dose range (0-100mGy) an RBE of 1.8 was obtained with the gH2AX-
foci assay. For the MN-assay the RBE is dependent of the dose and 
ranges from 5.7 to 4.2 in the dose range of 50-100 mGy. 
Conclusion: Our results confirm literature data regarding the higher 
RBE of mammography X-rays. Comparison of the RBE values 
obtained with both endpoints shows that mammography X-rays not 
only induce more dsb compared to g-rays but have also a higher 
mutagenic potential probably because of the more complex DNA 
damage relative to the higher LET nature of mammography X-rays.  
 
POS35-22. Sex-Dependent Differences in Intestinal Tumorigenesis 
induced in Apc1638N/+ Mice by low- and high-LET Radiation. 
Daniela Trani1, B. Moon1, B.V.S. Kallakury2, D.P. Hartmann2, K. 
Datta1, A.J. Fornace Jr1, 1: Department of Biochemistry and 
Molecular & Cell Biology and Lombardi Comprehensive Cancer 
Center, Georgetown University, Washington DC, USA, 2: 
Georgetown University Medical Center, Washington DC, USA 
 
Introduction: Studies on the Childhood Cancer Survivor Study 
(CCSS) and the Life Span Study (LSS) of the A-bomb survivors have 
showed an association between radiation exposure and cancer risk, 
including small intestine and colorectal (CR) cancer. Although 
multiple published studies have described that exposure to ionizing 
radiation (IR) significantly enhances intestinal tumorigenesis in 
adenomatous polyposis coli (APC) mutant mouse models, previous 
work has focused only on effect of high radiation doses (≥ 2 Gy) and 
low-linear energy transfer (LET) radiation. Furthermore, no 
investigation on possible sex-differences has been carried out in vivo. 
In this study, we aimed to assess the effect of low-radiation doses and 
different LETs, and to investigate in vivo the interplay of sex and 
radiation with regard to intestinal tumorigenesis. 
Methods: Six- to eight-week old female and male C57BL/6J-
Apc1638N/+ mice were exposed whole-body to either 5 Gy or 1 Gy of 
g rays, or equitoxic doses of 1 Gev/n Fe ions and protons. Exposed 
and age-matched control mice were euthanized when irradiated 
animals were moribund. Intestinal tissues were fixed and tumor 
number, distribution and grade were assessed, along with molecular 
parameters relevant to proliferation, sex-hormone receptors expression 
and Wnt/b-catenin signaling. Molecular differences were investigated 
also by Western Blot of protein lysates from intestinal full-thickness 
or epithelial cells only. 
Results: Female mice showed a significant protection from low-LET 
radiation induced tumorigenesis compared to males: at 5 Gy, a ~10-
fold increase was observed in intestinal tumor burden for male mice 
compared to ~3-fold in females. When molecular analyses were 
performed, we found in irradiated males long-term changes in both 
normal epithelium and adenomas/carcinomas. These sex-dependent 
differences were modified by exposure to high-LET radiation. 
Conclusions: Our data provide the first in vivo evidence that exposure 
to low doses (≤ 1 Gy) of low- and high-LET radiation produced a 
significant increase in intestinal tumor multiplicity in Apc1638N/+ 
mutant mice, both in small and large intestine. Furthermore, we also 
showed that existing moue models can be employed to dissect a 
potential role of sex-hormones in radiation-induced intestinal 
tuumorigenesis. 
 
POS36 Tumour biology 
 
POS36-01. Can radiation-induced transcription of human 
endogenous retrovirus-K (HERV-K) contribute to enhancing 
immunogenicity of prostate cancer? Lorenzo Agoni1, J. Lenz2, H. 
Zhang3, C. Guha4, 1: Pathology Department, Albert Einstein College 
of Medicine of Yeshiva University, USA, 2: Genetics Department, 
Albert Einstein College of Medicine of Yeshiva University, USA, 3: 
Radiation Oncology Department, Albert Einstein College of Medicine 
of Yeshiva University, USA, 4: Pathology Department and Radiation 
Oncology Department, Albert Einstein College of Medicine of 
Yeshiva University - Montefiore Medical Center 
 
Ionizing Radiation (IR) has been shown to increase the 
immunogenicity of cancer cells by modulating various cellular 
processes, including antigen presentation by MHC.  Previous 
experiments in our laboratory detected HERV-K-derived peptides 
exclusively from irradiated LNCaP cells upon proteomic LC-MS/MS 
analysis of peptides eluted from MHC-I complexes. We hypothesized 
that IR could reactivate subsets of Human Endogenous Retroviruses 
(HERVs), which are retroviruses integrated into the human genome, 
remnants of ancient retroviral infections, and that HERV-derived 
peptides, the final product of HERVs transcription, will increase the 
diversity of the antigen repertoire presented by irradiated cancer cells 
and may thus enhance anti-tumor immune responses.  HERVs are 
known to be transcribed in numerous diseases including cancer, HIV 
infection, and autoimmune disorders.  HERV-K is the most recently 
integrated and thus intact HERV family, with approximately 350 loci 
in the human genome, 98 to 99% identical. 
To test the influence of IR on HERV-K transcription, four prostate 
cancer cell lines (LNCaP, DU145, PC3 and VCaP), a normal prostate 
epithelium cell line (RWPE-1) and a normal fibroblast cell line (BJ) 
were analyzed by RT-PCR and qRT-PCR before and after 20 Gy γ-
irradiation.  HERV-K transcription was identified in all cell lines 
studied.  After IR, HERV-K transcription was increased by 3- to 10-
fold in cancer cells and decreased by at least 10-fold in normal 
cells.  Individual active HERV-K loci were identified by cloning and 
sequencing: seven different loci were identified among the cell lines 
tested, each cell line preferentially activating specific loci.  IR was 
found to influence the activation or suppression of specific loci, two 
being activated (22q11.23 and 5p13.3) and two others inactivated 
(21q21.1 and 19q13.12) after IR.  Most of the sequenced transcripts 
contained open reading frames compatible with translation to 
proteins.  
These findings show that HERV-K is actively transcribed in prostate 
carcinoma cell lines.  The IR-dependent and cancer-selective increase 
in HERV-K transcription and HERV-K-derived MHC-I peptide 
presentation likely enhances antigen repertoire diversity, may 
contribute to the immunomodulatory properties of IR, and offers 
attractive targets for the development of novel IR-enhanced 
immunotherapies for cancer. 
 
POS36-02. Correlation between miRNA expression and the 
radiation response in breast cancer cell lines. Natańa Anastasov1, I. 
Höfig1, S. Winkler1, M. Aubele2, M.J. Atkinson1, 1: Helmholtz 
Zentrum München, Institute of Radiation Biology, Germany, 2: 




MicroRNAs (miRNAs) modulate gene expression and they are 
implicated in the regulation of cellular sensitivity upon radiation 
therapy. To test this hypothesis we analyzed the miRNA changes 
induced by radiation in breast cancer cell lines in correlation with 
protein expression changes of major breast cancer tumour markers 
(HER 2, HER 3, p21, PR and ER). Increased HER2 / HER3 receptor 
and p21 expression at protein levels was detected 24 hours after 
irradiation in T47D and MDA-MB-361 cells. These cell lines showed 
different response to 2.5 and 5.0 Gy irradiation after cell cycle, cell 
proliferation and colony formation assay analysis. Therefore, 24 hours 
after 5.0 Gy irradiation we screened 364 miRNAs for expression 
changes using a TaqMan-based assays. Twenty two miRNAs showed 
increased expression and 13 miRNAs showed reduced expression in 
T47D cells. In MDA-MB-361 cells increased expression was detected 
for 6 miRNAs and 23 miRNAs showed reduction. Furthermore, 
reduction in miR-21 expression was characterized with single TaqMan 
miRNA assays 4 hours and 24 hours after 2.5 and 5.0 Gy irradiation. 
Additionally miR-21 was upregulated and downregulated using 
lentivirus vectors and effects on HER receptor expression and 
downstream signalling molecules activation were analysed. The 
results confirm that miRNA expression is influenced by radiation and 
is accompanied by changes in tumour marker expression (HER 2, 
HER 3 and p21). Based on these results we conclude that miRNAs 
have a role in HER receptor signalling pathways regulation and 
downstream targets activation. Additional analysis will show if there 
is an association between changed miRNA expression and tumour 
resistance response after radiotherapy.  
 
POS36-03. Epidermal Growth Factor Receptor Inhibition 
Improves the Tumor Reoxygenation by Modulating Vascular 
Response to Fractionated-radiotherapy. Fanghsin Chen1, S. Fu1, C. 
Chiang1, C. Wang2, J. Hong2, 1: National Tsing Hua University, 
Taiwan, 2: Chang Gung Memorial Hospital, Taiwan 
 
Gefitinib is a potent inhibitor of epidermal growth factor receptor 
(EGFR) tyrosine kinase and has been demonstrated to treat advanced 
or metastatic non-small cell lung cancer (NSCLC) after failure of first-
line chemotherapy. However, little is known about its effects when 
combines with radiotherapy. In the present study, we addressed 
whether inhibition of EGFR tyrosine kinase activity by gefitinib 
during daily radiotherapy affected tumor microenvironment with 
respect to tumor growth, hypoxia, number of vessels, and distribution 
of tumor-associated macrophages (TAMs). A syngeneic TRAMP C-1 
tumor model of mice was generated and treated with either gefitinib, 
60 Gy irradiation in 15 fractions, or combination of gefitinib and 
irradiation. Tumor necrosis, hypoxia as well as vascular numbers were 
quantified by image analysis of tumor sections. Quantitative data 
demonstrated gefitinib alone did not significantly change tumor 
microenvironment, but fractioned-irradiation decreased tumor 
necrosis, hypoxia, and number of vessels comparing to size-matched 
control tumors. Besides, irradiation caused vascular dilation and 
improved the pericytes adhesion to vascular wall. Avascularized 
hypoxic regions became infiltrated with aggregates of CD68 positive 
TAMs, reaching a maximum at the end of irradiation. Combination 
with gefitinib protected tumor vessels from irradiation damage and 
resulted in elevating vessel numbers with good perfusion but rare 
adhesion of pericytes. Tumor necrosis and hypoxia further decreased 
in combination treatment tumors and aggregation of TAMs in hypoxia 
region was also interrupted which rendered TAMs to distribute 
randomly among tumors. These results suggest that inhibition of 
EGFR activity in tumors could modulate vascular response to 
irradiation and improve tumor reoxygenation, thus provides a 
potential strategy to enhance drug delivery during fractioned-
irradiation procedure. 
 
POS36-04. TM4SF4 affects the radiation resistance and cell 
migration in non small cell lung cancer. Soo Im Choi1,2, T.L. Kim1, 
M.J. Kim1, I.G. Kim1,2, 1: Department of Radiation Biology, 
Environmental Radiation Research Group, Korea Atomic Energy 
Research Institute, South Korea, 2: University of Science and 
Technology (UST), Daejeon, South Korea,  
 
Purpose: The aim of this study is to investigate new important 
radiation resistance genes that make cells resistant to a γ-radiation, 
anticancer drugs and toxic chemicals. 
Experimental procedure: Human lung adenocarcinoma A549 cells 
were obtained from the American Type Culture Collection and 
cultured in RPMI-1640 media at 37°C in a 5% CO2 humidified 
incubator. For colony-forming assays, cells were plated in 35-mm 
culture dishes at a density of 5 × 103 cells/plate and after 24, they were 
immediately irradiated with a single exposure to a dose of 2Gy(60Co γ-
ray source; dose rate, 0.2 Gy/min). 
Summary: TM4SF4, membrane protein of the tetraspanin, is involved 
in the signaling pathways of development, growth and motility of 
cells. To investigate and identify the function of g-radiation 
resistance-related genes, gene expression pattern in A549 cells highly 
resistant to radiation and H460 cells showing relatively low radiation 
resistance were compared using DNA chip analysis. It was observed 
that the expression of TM4SF4 in A549 cells significantly increased 
when compared to H460 cells. In this study, we showed that TM4SF4 
suppression with siRNA in A549 cells induced the decrease of 
radiation resistance and cell growth inhibition. On the other hand, 
TM4SF4 overexpression resulted in increment of radiation resistance 
and cell growth. Moreover TM4SF4 affected significantly cell 
migration. TM4SF4 activated insulin growth factor receptor (IGFR)-b 
and subsequently AKT phosphorylation that affect radiation resistance 
and cell growth. In conclusion, regulation of cell growth and radiation 
resistance by TM4SF4 may result from IGFR-b/AKT signaling 
pathway 
Conclusion: This study provides the first demonstration that TM4SF4 
participates in novel mechanisms regarding resistance to a γ-radiation 
and cell growth [The authors wish to acknowledge the financial 
support ofthe Ministry of Education, Science and Technology 
(Nuclear Research & Development Program) of the Republic of 
Korea]. 
 
POS36-05. MicroCT Assay for Radiation-Mediated 
Microvascular Damage in Orthotopic Glioblastoma Multiforme. 
John L. Chunta, J. Torma, J. Brooks, D.Y. Lee, A.M. Martinez, G.D. 
Wilson, B. Marples, William Beaumont Hospital, USA 
 
The aim of this study was to evaluate the impact of radiation treatment 
on tumor microvessel integrity using contrast-enhanced microCT in 
Glioblastoma Multiforme (GBM). Orthotopic U87-MG GBM 
xenografts (n=50) were established in female nu/nu mice and treated 
daily with 2 Gy X-irradiation (RT) for 7 consecutive days to a total of 
14 Gy using two treatment regimes (single 200 cGy fraction or 10 
pulses of 20 cGy in 45 mins), with or without temozolomide (TMZ: 
10 mg/Kg by oral gavage daily prior to RT). Tumor response was 
volumetrically determined using contrast-enhanced microCT 
(Omnipaque 350) using a GE FLEX TriumphTM combined PET-
SPECT-CT system with CT energy set to 80kVp/250uA.  Raw 
microCT data were reconstructed to enhance tumor contrast and 
density values were converted to Houndsfeld Units (HU) for 
densitometric analysis using the Osirix imaging suite. Control animals 
and those treated with conventional RT, with or without TMZ, caused 
a pronounced increase in tumor contrast enhancement at the time of 
sacrifice. The pulsed RT regimen, with or without TMZ, resulted in a 
substantial reduction in qualitative contrast enhancement, suggesting 
that microvessel integrity was maintained. These observations were 
confirmed with H&E histology. This pre-clinical study demonstrated 
that pulsed radiotherapy has a protective effect with respect to 
microvessel integrity, as compared to controls and conventional 
chemoradiotherapy. Moreover, contrast-enhanced CT has proven to be 
a reliable surrogate for vascular integrity since contrast-enhancement 
is significantly seen in areas of damaged vasculature. Such an imaging 
protocol could be integrated with evolving technologies that permit 
proper adaptive radiation treatment planning using a collimated beam 
for small animal work, based on microvessel integrity. 
 
POS36-06. The pO2 fluctuation pattern and cycling hypoxia in 
human cervical carcinoma and melanoma xenografts. Christine 
Ellingsen1, K.M. Øvrebø2, K. Galappathi2, B. Mathiesen2, E.K. 
Rofstad2, 1: The Norwegian Radium Hospital, Norway, 2: Oslo 
University Hospital, Norway 
 
Purpose: The blood perfusion in tumors is spatially and temporally 
heterogeneous, resulting in local fluctuations in tissue oxygen tension 
(pO2) and tissue regions showing cycling hypoxia. In this study, we 
investigated whether the pO2 fluctuation pattern and the extent of 
cycling hypoxia may differ between tumors having developed blood 
vessels that are located within broad bands of connective tissue 
(cervical carcinoma xenografts) and tumors having developed blood 
vessels that are not surrounded by connective tissue (melanoma 
xenografts). 
Methods and materials: Two cervical carcinoma lines (CK-160, TS-
415) and two melanoma lines (A-07, R-18) transplanted into 
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BALB/c nu/nu mice were included in the study. Tissue pO2 was 
measured simultaneously in two positions in each tumor by using a 
two-channel OxyLite fiberoptic oxygen-sensing device. The extent of 
acute and chronic hypoxia was assessed by combining a 
radiobiological and a pimonidazole-based immunohistochemical assay 
of tumor hypoxia. 
Results: The proportion of tumor regions showing pO2 fluctuations, 
the pO2 fluctuation frequency in these regions, and the relative 
amplitude of the pO2 fluctuations were significantly higher in the 
melanoma xenografts than in the cervical carcinoma xenografts. The 
cervical carcinoma and the melanoma xegografts did not differ 
significantly in the fraction of acutely hypoxic cells or the fraction of 
chronically hypoxic cells. However, the ratio of the fraction of acutely 
hypoxic cells to the fraction of chronically hypoxic cells was 
significantly higher in the melanoma than in the cervical carcinoma 
xenografts. 
Conclusions: The temporal heterogeneity in blood flow and tissue 
pO2 in tumors may depend on the tumor histology. Connective tissue 
surrounding microvessels may stabilize the blood flow and pO2 and 
thus protect the tumor tissue from cycling hypoxia. 
 
POS36-07. Manipulation of lactate metabolism and radiation 
resistance in two human ovarian cancer cell lines. Christian G. 
Fabian, A. Siebers , W. Müller-Klieser , U.G.A. Sattler, Institute of 
Physiology and Pathophysiology, University Medical Center of the 
Johannes Gutenberg University Mainz, Germany 
 
Malignant transformation is associated with an increase in glycolytic 
flux and an enhanced accumulation of lactate even under normoxic 
conditions. This phenomenon, termed ―Warburg effect‖, is mainly 
caused by an upregulation of numerous glycolytic and glycolysis-
related genes in the majority of human tumors. Therefore, 
manipulation of the glycolytic pathway may alter tumor cell 
metabolism and thereby influence its radiobiological properties. 
In the present experimental study, two human ovarian cancer cell lines 
IGROV-1 and OC316, were characterized according to their metabolic 
and radiobiological properties with and without addition of oxamate 
(an inhibitor of lactate dehydrogenase). The influence of 20-60 mM 
oxamate was investigated using the Seahorse extracellular flux 
analyzer XF24-3 which allows for simultaneous measurements of 
extracellular oxygen consumption rates (OCR) and extracellular 
acidification rates (ECAR) in vitro. Colony forming assays were 
accomplished from cells irradiated with X-ray doses from 0-8 Gy with 
and without oxamate. γ-H2AX foci were quantified by counting the 
number of foci per nucleus 1 and 24 h after irradiation via a computer 
based analysis software. 
Both cell lines showed a significant decrease (p < 0.000001) of ECAR 
and an increase of OCR 100 min after addition of oxamate. OC316 
cells revealed a 60% reduction in ECAR and an increase to 174% in 
OCR. ECAR and OCR of IGROV-1 were decreased by 69% and 
increased to 154%, respectively. Dose response curves illustrated a 
significantly higher radiation resistance of untreated IGROV-1 cells 
compared to OC316. Clonogenic cell survival increased up to 155% 
or 146% after 4 Gy X-ray irradiation with oxamate compared to 
control cells of OC316 and IGROV-1, respectively. 8 Gy potentiated 
the oxamate effect up to a 7- and 5-fold increase of clonogenic cell 
survival, respectively. For both cell lines the number of γ-H2AX foci 
was elevated dose-dependently. Consistent with their higher radiation 
resistance, IGROV-1 showed enhanced reduction of γ-H2AX foci 24 
h after irradiation. Further experiments regarding the influence of 
oxamate to double strand break formation after irradiation are in 
progress. (Supported by the Deutsche Forschungsgemeinschaft SA 
1749/3-1). 
 
POS36-08. Radiosensitization of tumors by 2-DG: Cross talk 
among different immune components. Abdullah Farooque1, L. 
Alagh2, P. Chhabra 3, Deepti 4, J.S. Adhikari5, F. Afrin6, A. Verma5, S. 
Khanna5, B.S. Dwarakanath5, 1: INMAS, India, 2: Department of 
Biotechnology, Lovely Professional University, Jalandhar, India, 3: 
Department of Biotechnology and Bioinformatics, Dr. D.Y. Patil 
University, Pune, India, 4: School of Biosciences and Technology 
(SBST), VIT University, Vellore, India, 5: Division of Radiation 
Biosciences, INMAS, Delhi, India, 6: Department of Biotechnology, 
Jamia Hamdard University, Delhi, India 
 
The glycolytic inhibitor, 2-deoxy-D glucose (2-DG), has been found 
to enhance the effects of radiation and chemotherapeutic drugs in 
vitro, while a heterogeneous response has been reported for the local 
tumor control in vivo.  Since immune system is one of the important 
factors that contribute to the systemic responses, we investigated the 
effects of the combined treatment (2-DG+ Radiation) on different 
immune components in responders and non responders. Local tumor 
control was also investigated in nude mice to establish the role of 
immune system in the radiosensitization of tumors by 2-DG            . 
Ehrlich ascites tumors were grown in the hind leg of Strain A mouse 
and focally irradiated (10 Gy) immediately after 2-DG administration 
(2gm/kg b.wt, intravenous). Blood profiling, antibody classes and 
cytokine levels as well as levels of certain transcription factors were 
analyzed by ELISA and CBA, flow Cytometry and western blotting 
respectively.                
Animals with complete tumor regression (complete responders; CR) 
showed maximum lymphopenic condition at 24 h after treatment as 
compared to the partial responders (growth delay; PR) after the 
combined treatment, which is a suggestive of the removal of tumor 
tolerant immune cells. Restoration of CD4/CD8 ratio and decrease in 
T-regulatory cells was observed in CR as compared to PR. Decreased 
Fox P3 and GATA-3 localization to nucleus and increased T-bet 
localization was observed in CR at later point (21 days). Furthermore, 
increase in Th1 cytokines such as IFN-gamma and TNF-alpha and 
decrease in Th2 cytokines such as Il-4 and IL-10 was observed only in 
responders. These findings were further strengthened by the antibody 
class switching from IgE and IgA to IgG2a in responders, although 
total IgG was reduced in the responders. The combined treatment did 
not elicit complete response in any of the tumor bearing nude mice, 
suggesting that immune- modulation plays a vital role in determining 
local tumor control. 
These results emphasize the role of immune system in influencing the 
local tumor control following the combined treatment (2-DG + 
Radiation) and provide insight in to the molecular targets determining 
the efficacy facilitating the individualization of therapy. 
 
POS36-09. In vitro studies on posphatidylinositol-3-kinase-Akt 
pathway inhibition and radiation in malignant glioma. Carlos 
Alexandre Fedrigo1,2,3, B. Garicochea1, G.J. Peters2, B. Slotman3, J. 
van den Berg3, L. Stalpers4, B. Baumert5 and P. Sminia3, 1: Pontifícia 
Universidade Católica do Rio Grande do Sul; Brazil, 2: Medical 
Oncology  VU University Medical Center, Amsterdam, Netherlands, 
3: Radiation Oncology, VU University Medical Center, Amsterdam, 
Netherlands, 4: Department of Radiation Oncology, Academic 
Medical Center, Amsterdam, Netherlands, 5: Department of Radiation 
Oncology, Maastro Clinic, Maastricht, Netherlands 
  
Purpose: Glioblastoma multiforme (GBM) is the most common, 
invasive and deadly primary type of malignant brain tumor. Current 
therapy consists of surgery, radiotherapy (IR) and chemotherapy with 
temozolomide (TMZ). The posphatidylinositol-3-kinase pathway is 
commonly overexpressed in GBM, leading to activation of  the 
downstream serine/threonine kinase Akt. The pathway is involved in 
apoptosis, cell proliferation, differentiation, migration and metabolism 
of the cell, and is often associated with resistance to chemotherapy or 
IR. In the present study, we evaluated the effect of the specific Akt 
pathway inhibitor MK-2206 and IR on glioma cells in vitro. 
Materials and Methods: Experiments were performed on a panel of six 
GBM cell lines (U251, U251-TMZ resistant variant-, T98, D384, U87, 
VU-122). Cells were treated with the allosteric pathway inhibitor MK-
2206 alone or in combination with irradiation. Endpoints: cell survival 
(clonogenic assay), cell migration (scratch wound assay), cell invasion 
(transwell Boyden chamber technique) and expression of the key 
proteins PTEN, Akt and pAkt (western blot).  
Results: MK-2206 was cytotoxic for all glioma cells in the dose range 
between 1 – 10uM for 24 hours. In addition, 8 hours exposure to 
10uM of drug inhibited cell migration ranging from 26 to 68%. The 
invasion capacity was assessed at increasing doses of 1uM, 5uM and 
10uM MK-2206 for 16 hours. A dose-dependent increase in inhibition 
of invasion was noticed for all but one of the cell lines. Irradiation (4 
Gy) alone increased the expression of pAkt, which was inhibited 
(30min, 1h, 2h and 4h) following pre-incubation with MK-2206 (1uM 
and 10uM for 1 h).   
Conclusion:Targeting of the PI3kinase-Akt pathway  is a promising 
tool in GBM therapy and might counteract resistance to irradiation.  
Funding: Bolsista da Capes – Proc. nº 3669-10-6 
Capes Foundation, Ministry of Education of Brazil, Caixa Postal 250, 
Brasília – DF 70040-020, Brazil 
 
POS36-10. Chronological responses of CD11b+ Gr-1+ cells in 
irradiated tumors: early recruitment and subsequent aggregation 
at necrotic regions caused by chronic hypoxia. Sheng Yung Fu1, 
C.S. Chiang1, F.H. Chen1, C.C. Wang2, J.H. Hong2, 1: Department of 
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Biomedical Engineering and Environmental Sciences, National Tsing 
Hua University, Taiwan, 2: Department of Radiation Oncology, 
Chang Gung Memorial Hospital, Taoyuan, Taiwan 
 
CD11b+ Gr-1+ cells, known as myeloid derived suppression cells, are 
heterogeneous groups including CD11b+Ly6GhighLy6Clow neutrophilic-
like cells and CD11b+Ly6G-LY6C+ monocytic-like cells that can 
mediate tumor growth, angiogenesis and immune suppression, but 
their function and behavior in irradiated tumor are still unclear. The 
murine prostate cancer cell line, TRAMP-C1, were inoculated at 
shank muscle of right leg. When tumor diameter reached 4 mm, tumor 
was irradiated by single dose of 25Gy. The distribution pattern and 
percentage change of CD11b+ Gr-1+ cells in tumor in short-term (4hr, 
24hr, 48hr) and long-term (2weeks) irradiated tissues were 
investigated by IHC staining and flow cytometry. The short-term 
irradiated tissues did not have any significantly histological changes, 
such as the ratio of hypoxic or necrotic regions, but the numbers of 
CD11b+ Gr-1+ cell was increased and were random-distributed within 
tumors. Both CD11b+Ly6GhighLy6Clow neutrophilic-like cells and 
CD11b+Ly6G-LY6C+monocytic-like cells were increased in post-48hr 
irradiated tumor as well as in the bone marrow harvested from the 
non-irradiated left leg. In long-term irradiated tumor tissues, the 
percentage of CD11b+ Gr-1+ cells were higher than that in control 
tumor. These cells were aggregated at central necrotic region within 
chronic hypoxia caused by vessel insufficiency. In summary, we 
found that local tumor irradiation not only increase the number of 
CD11b+Gr-1+ cells in irradiated tumors, but also increase their number 
in the bone marrow of non-irradiated leg. This indicates that local 
irradiation has a mechanism to drive the differentiation of CD11b+Gr-
1+ cells. The recruitment of these cells into irradiated tissues is 
associated with tumor re-growth after radiation therapy. To disrupt the 
recruitment pathway of CD11b+ Gr-1+ cells may benefit radiation 
therapy. 
 
POS36-11. The effects of irradiation on invasive potential of 
human pancreatic cancer cell line, MIAPaCa-2. Mayumi Fujita, S. 
Yamada, T. Imai, National Institute of Radiological Sciences, NIRS., 
Japan 
 
Purpose: The aim of this study was to compare the effects of X-ray or 
carbon-ion (C-ion) irradiation on invasive potential of human 
pancreatic cancer cell line, MIAPaCa-2. 
Experimental procedures: The human pancreatic cancer cell line, 
MIAPaCa-2 was irradiated with either X-ray (0, 2, or 4 Gy) or C-ion 
(0, 0.5, 1, 2, and 4 Gy). We examined the migration, invasion, MMP 
expression and invasiveness in response to MMP inhibitors and/or 
ROCK inhibitors of irradiated cells, and the activation of Rac1 and 
Rho. 
Summary of data: X-ray irradiation stimulated MIAPaCa-2 
invasiveness via induction of MMP-2 activity, whereas C-ion 
irradiation reduced invasion with decreased expression and activation 
of MMP-2. The use of MMP-2 inhibitor (MMPI) reduced X-ray 
induced invasiveness suggested that MMP-2 has role in X-ray induced 
invasion. However the single use of MMPI did not reduce basal level 
of invasiveness. ROCK inhibitor in addition to MMP-2 inhibitor was 
needed to suppress X-ray-induced and basal level of invasiveness 
indicated that both mesenchymal and amoeboid modes of motility 
were functioned in MIAPaCa-2 invasion. Thus, we next hypothesized 
that both modes of motility were inhibited in the C-ion irradiated cells, 
causing the effective reduction of invasiveness. In fact, the activation 
of Rac1 and Rho, the key factors functioned in the signal transduction 
pathway involved in mesenchymal or amoeboid modes of motility, 
were both diminished in C-ion-irradiated cells, whereas those 
activations were not reduced in X-ray irradiated cells. 
Conclusions: X-ray and C-ion irradiation show differential effects on 
the invasive potential of MIAPaCa-2 cells with corresponding 
alterations in the MMP-2 activity and also the activation of Rac1 and 
Rho signaling. Unlike X-ray irradiation, C-ion irradiation effectively 
suppresses the invasive potential of MIAPaCa-2 cells.  
 
POS36-12. Clinically Relevant Radioresistant Cells are 
Established through Acquired Radioresistance by Exposure to 
Long-term Fractionated X-ray Radiation. Manabu Fukumoto, Y. 
Kuwahara, T. Shimura, Dept Pathology, IDAC, Tohoku University, 
Japan 
 
Although radiotherapy is one of the major therapeutic modalities for 
eradicating malignant tumors, the existence of radioresistant cells 
remains one of the most critical obstacles. Standard radiotherapy 
consists of fractionated radiation (FR) of 2-Gy X-rays once a day, 5 
days a week, over 60 Gy in total.  To understand the characteristics of 
radioresistant cells and to develop more effective radiotherapy, we 
established novel radioresistant cell lines by long-term (> 5 years) 
exposure to fractionated X-rays. While all the parental human cancer 
cells (HepG2, HeLa, SAS and KB) ceased, their radioreistant 
derivatives continue to proliferate with daily exposure to 2-Gy FR for 
more than 30 days. Those cells are coined as ―clinically relevant 
radioresistant‖ (CRR) cells. Micronuclei and foci of γ-H2AX in CRR, 
HepG2-8960-R induced by FR were less than those in parental 
HepG2. Flow cytometric analysis revealed that the proportion of cells 
in S- and G2/M-phase of the cell cycle was higher in HepG2-8960-R 
than in HepG2. We have shown that the suppression of autophagic 
cell death but not apoptosis was mainly involved in cellular 
radioresistance. Therefore, the enhancement of autophagy may have a 
considerable impact on the treatment of radioresistant tumors. 
We again performed FR experiments to prove reproducibility of 
establishment of CRR cells. We showed that long-term FR exposures 
for more than 31 days conferred radioresistance to parental HepG2 
and HeLa with overexpression of cyclinD1. Radioresistance was 
stably maintained in the tumor cells even on 31 days after the 
cessation of irradiation. A feedback loop was responsible for the 
cyclinD1 overexpression in which constitutively active AKT was 
involved. AKT is known to inactivate glycogen synthase kinase-3beta 
(GSK3b) which is essential for the proteasomal degradation of 
cyclinD1. The resulting cyclinD1 overexpression led to production of 
DNA double strand breaks to activate DNA-PK which further 
activated the AKT/GSK-3b pathway, thus completing the loop of 
cyclinD1 overproduction. Inhibition of the AKT/GSK-3b/cyclinD1 
pathway suppressed  radioresistance of long-term FR cells. Present 
observations give a mechanistic insight for acquired radioresistance of 
tumor cells through long-term FR exposure, and provide novel 
therapeutic targets for radiosensitization. 
 
POS36-13. Ionizing Radiation Synergizes with Endoplasmic 
Reticulum Stress-Inducer to Promote Calreticulin Translocation, 
a Key Molecular Event in Immunogenic Cell Death of Cancer 
Cells. Encouse Golden, J.S. SIlverman, S. Demaria, M.H. Barcellos-
Hoff, S. Formenti, New York University, USA 
 
The cytocidal effects of ionizing radiation (IR) and endoplasmic 
reticulum (ER) stress-inducing agents are associated with the 
promotion of an anti-tumor immune response via the induction of 
immunogenic cell death (ICD) of cancer cells.  ICD promotes the 
cross-presentation of tumor-derived antigens by dendritic cells (DCs) 
to T cells (Semin Immunol 22, 113-124, 2010). Calreticulin (CRT, an 
ER chaperone protein) redistribution to the surface of tumor cells acts 
as a potent ―eat me‖ signal for DCs involved in tumor associated 
antigen processing, thereby serving as a key step in ICD. In the 
clinical setting, IR or ER stress alone may not quantitatively and/or 
qualitatively achieve tumor cell death in a manner that specifically 
triggers immune-mediated tumor rejection. Thus, we hypothesized 
that IR, when combined with thapsigargin (Tg, an ER stress-inducer 
via sarcoplasmic/ER calcium ATPase inhibition), may intensify CRT 
translocation to the cell surface. To test this, we employed the poorly 
immunogenic 4T1 mouse breast cancer cells.  4T1 cells were treated 
with IR (0, 6, or 20 Gy) followed by 24 hrs culture in the presence or 
absence of Tg (1 mM). Thereafter, the cells were assayed either via 
Western blot (WB) or immunofluorescence (IF). Cytotoxicity was 
determined via MTT assay at 12, 24, and 48 hrs. Relative amounts of 
protein were determined via WB analysis with specific antibodies to 
phospho-EIF2-a, caspase-8, BAP-31, and PARP. Actin was used as a 
loading control. CRT redistribution was determined by IF analysis. 
When combined, IR (6 Gy) + Tg (1 mM) triggered elevated 
phosphorylation of EIF2-a (a marker for ER stress and protein 
translation inhibition) in 4T1 cells.  In addition, IR (6 and 20 Gy) + Tg 
(1 µM) increased the cleavage of the apoptotic markers caspase-8, 
BAP-31, and PARP. Finally, we observed that cell death by IR (6 Gy) 
in the presence of Tg (1 µM) was preceded by enhanced CRT 
translocation to the cell surface. In this in vitro model, IR (6Gy) alone 
was unable to incite CRT redistribution. However, in the presence of 
Tg (1 µM), IR (6Gy) intensified CRT redistribution. Taken 
together, these findings suggest that IR combined with an ER stress-
inducing agent is a novel application of radiotherapy that can potently 
trigger ICD and serve as a strategy to promote immune-mediated 




POS36-14. Radiation sensitization though regulation of 
transcriptional factor Sp1. Yoshio Hosoi, Research Center for 
Radiation Biology and Medicine, Hiroshima University, Japan 
 
DNA-dependent protein kinase (DNA-PK) is involved in DNA 
double-strand breaks (DSBs) repair, and it consists of Ku70, Ku80 and 
DNA-PKcs. It has been shown that the promoter regions of these three 
genes have Sp1 binding sites, and the expression levels are correlated 
with that of Sp1. The purpose of this study is to clarify the 
contribution of Sp1 to radiation sensitivity of cells through the 
transcriptional regulation of DSBs-repair genes. We investigated 
whether Sp1 affects the protein and mRNA levels of Ku70, Ku80, 
DNA-PKcs, XRCC4, NBS1, MRE11 and MDC1. In addition, we 
examined the DSBs-repair, DNA-PK activity, cell cycle, and radiation 
sensitivity in Sp1-dawn-regulated cells. A human transformed kidney 
cell line 293T was transfected with siRNA vector targeting Sp1 (Sp1-
siRNA) or control vector. The vector-transfected cells were selected 
with G418. After 7 days selection, protein and mRNA levels were 
evaluated by Western blotting and RT-PCR, respectively. The protein 
and mRNA levels of Sp1, Ku70, Ku80, DNA-PKcs, XRCC4, NBS1, 
MRE11 and MDC1 were down regulated by the Sp1-siRNA 
treatment. The DSBs-repair after 80 Gy irradiation and DNA-PK 
activity were suppressed by the Sp1-siRNA treatment. The surviving 
fraction after irradiation was also suppressed by the Sp1-siRNA 
treatment. However, cell cycle was not affected by the Sp1-siRNA 
treatment. These results suggest that Sp1 regulates the radiation 
sensitivity by the transcriptional regulation of DSBs-repair genes. 
 
POS36-15. Hsa-miR-663 Functions as an Oncogene in Vivo. 
Wentao Hu, L. Chang, X. Wu, N. Ding, J. Wang, G. Zhou, Institute of 
Modern Physics,CAS, China 
 
To determine the functions of hsa-miR-663 in HeLa cells responding 
to X-ray irradiation and tumor proliferation, the precursor of hsa-miR-
663 was cloned into pcDNATM6.2-GW/EmGFP-miR and the 
expression cassette was transferred into pT-REx-DEST30 which 
contains a tetracycline operator through gateway reaction. Stable 
inducible hsa-miR-663 expressing cell line, which is named HeLa-
TetR-663, was constructed by transfecting HeLa cells stably 
expressing tetracycline repressor (TetR) with pT-REx-DEST30-663 
and selected with G418 for 14 days. After verification of hsa-miR-663 
expression by qRT-PCR, the HeLa-TetR-663 cells were injected 
subcutaneously into the flanks of NOD/SCID mice (n=5 flanks). After 
formation of tumors, the miR-663 expression was induced 
continuously for 7 days by injecting tetracycline subcutaneously once 
a day. Then the tumors were subjected to 5 Gy X-ray irradiation and 
the tumor volumes were assessed every 2 days post-irradiation using a 
caliper. The tumor growth of radiation group as well as radiation plus 
induction group is slower than that of control. However, the induction 
group obviously exhibited high tumor growth rate. In conclusion, we 
found that hsa-miR-663 functions as an oncogene and its high 
expression promotes tumor growth in vivo. 
 
POS36-16. The Progeny of Polyploid Mitotic Catastrophe Cells 
Acquires Anchorage-Independent Growth Capabilities, Stem 
Cell-Like Properties, and the Ability to Form Xenograft Tumors 
in Nude Mice? Fiorenza Ianzini, E.A. Kosmacek, E. Napoli, E.A. 
Colwell, M.A. Mackey, University of Iowa, USA 
 
We demonstrated  that polyploid tumor cells conserve their original 
individual genomic integrity and can re-initiate cell division and 
originate viable colonies (Cancer Res 69, 2296; 2009). The role 
played by the colonies formed through this process in tumor 
progression and tumor resistance to treatment remains to be 
elucidated. We are conducting studies aimed at answering these 
questions. For this purpose, we subjected MDA-MB435 cells to a 
single dose of 5 Gy of g-Rays after which we followed the formation 
of polyploid cells. When these were formed we isolated each of them 
and plated each in a 30 mm diameter Petri dish and let them grow. 
Cells were monitored for 30 days at which time those that divided and 
formed a colony were detached and expanded. We have now a 
collection of clone lines each derived from a single polyploid cell that 
had escaped radiation-induced MC death that were analyzed for their 
tumorigenic potential both in vitroand in vivo. Our live cell imaging 
findings show that the clones have acquired a better proliferative 
capacity over control cells, that is the re-irradiated clones have both a 
higher yield of normal cell division and an overall lower yield of cell 
death compared to the control cells. Transformation assay data reveal 
that these clones proliferate well in soft agar, demonstrating 
anchorage-independent growth capability. FCM measurements of 
aldehyde dehydrogenase (ALDH1), a non-immunological, functional 
marker of human stem and progenitor cells, show high activity for this 
enzyme in the clones demonstrating that the clones have acquired 
stem cell-like properties. Finally, injection of the clone cells in the 
flank of nude mice induced fast growing and larger xenograft tumors 
than the control cells. IHC analysis aimed at testing for the presence 
of meiotic genes, cancer stem cell markers, and morphology are 
underway on the resected tumor xenografts  to elucidate possible new 
pathways of cell proliferation that might be instrumental for our 
understanding of how irradiated tumor cells escape death and acquire 
higher proliferative and tumorigenic potential compared to the 
untreated cell population. These findings will lend important insights 
into phenomena occurring during tumor resistance to treatment and 
tumor progression and will be instrumental for the development of 
new therapeutic strategies. 
 
POS36-17. Hypoxic induction of SM22α in A549 NSCLC cells 
activates the IGF-1Rβ/Akt pathway, which confers cellular 
resistance against radiation therapy. In Gyu Kim , T.R. Kim, M. 
Kim, S.I. Choi, Korea Atomic Energy Research Institute, South Korea 
 
Purpose: The hypoxic status of various solid tumors has been related 
to an increased resistance to radiotherapy and chemotherapy 
treatments in a variety of tumor types with a more malignant 
phenotype. The aim of this study is to investigate a new important 
hypoxia inducible factor that makes cells resistant to a γ-radiation, 
anticancer drugs and toxic chemicals. 
Experimental procedure: A549 cells were subjected to hypoxia (0% 
and 1%) by placing them in a humidified airtight chamber and 
neurotensin expression was analyzed by real time PCR and western 
blotting. Neurotensin-overexpressed A549 cells were constructed and 
these cells were plated in a T25 flask (1X106cells/flask). 24-48h after 
irradiation with a single exposure to a dose of 20 Gy (60Co γ-ray 
source; dose rate, 1Gy/min), cell viability was analyzed by flow 
cytometry. 
Summary: Hypoxic stress-induced resistance to radiation or 
chemotherapy often undermines the efficiency of cancer therapy and 
makes tumors refractory to treatment. SM22α is an actin-binding 
protein found in smooth muscle, fibroblasts, and some epithelium and 
is possibly a marker of smooth muscle differentiation or senescence. 
SM22α was significantly induced in A549 non–small-cell lung 
carcinoma cells by hypoxic stress and SM22α overexpression 
improved chemoresistance and radiation resistance of the cells. 
Although it was induced by hypoxic stress, HIF-1α was not involved 
in the expression of SM22α and vice versa. SM22α overexpression 
enhanced tumor cell growth and markedly activated the IGF-IRβ/Akt 
pathway via direct interaction with IGF-1Rβ. This is the first 
demonstration of hypoxic regulation of SM22α and suggests that 
SM22α could be a novel target to enhance the treatment of hypoxic 
human lung cancer cells. 
Conclusion: This study not only provides the first demonstration of a 
severe hypoxic regulation of SM22a but also suggests the 
participation of novel mechanisms regarding resistance to a γ-
radiation and anticancer drugs caused by hypoxia[The authors wish to 
acknowledge the financial support ofthe Ministry of Education, 
Science and Technology (Nuclear Research & Development Program) 
of the Republic of Korea]. 
 
POS36-18. Enhancement of radiation response by curcumin in 
human lung adenocarcinoma A549 cells. Kug Chan Kim, S.Y. Lee, 
S.Y. Kim, I.G. Kim, Korea Atomic Energy Research Institute, South 
Korea 
 
Purpose: Curcumin, a major component of the plant Curcuma longa, 
has a potent anticancer effect on a variety of cancer cell types. 
However, the anticancer mechanism of curcumin for lung cancer cells 
is not yet fully determined. In the present study, we examined the 
anticancer mechanisms and radiosensitizing effects of curcumin on 
cell proliferation and cell death in human lung cancer cells. 
Experimantal procedures: Human lung adenocarcinoma A549 cells 
were treated with curcumin, irradiation, or their combination. The 
cells were pretreated with curcumin followed by exposure to clinically 
relevant doses of gamma rays and the effect on cell growth was 
determined by cell viability assay and colony formation assay. The 
effect of curcumin pre-treatment on the expression of cell cycle 




Summary: Curcumin inhibited growth of A549 cells and augmented 
G2/M-phase arrest. When used in combination with radiation, 
curcumin further suppressed cell proliferation and induced apoptosis 
in A549 cells, leading to increased cell killing. Curcumin inhibited the 
phosphorylation of the mammalian target of rapamycin (mTOR) and 
its downstream targets, p70S6K kinase1 (S6K1) and eukaryotic 
initiation factor 4E binding protein 1 (4E-BP1). Additionally, 
curcumin pre-treatment inhibited radiation-induced phosphorylation 
of IkBα and the p65 subunit as well as the nuclear translocation of p65 
subunit of NF-kB. We also found that curcumin alone or in 
combination with radiation inhibited the expression of cyclin D1, 
cyclin E, CDK4 and CDK2, and the phophorylation of retinoblastoma 
protein (pRb). Furthermore, curcumin inhibited the basal or radiation-
induced motility of the cells. 
Conclusions: Collectively, our results show that curcumin inhibits cell 
proliferation, survival and motility of lung cancer cells through 
targeting multiple cellular signaling pathways, and that curcumin 
could further enhance the antitumor activities of radiotherapy. These 
findings may be clinically relevant and suggest a novel therapeutic 
strategy for increasing the efficacy of radiotherapy. 
 
POS36-19. Regulation of inositol polyphosphate 4-phosphatase 
type II in tumor resistance against radiation and anticancer 
drugs. Jae-Sung Kim, S. Hwang, Korea Institute of Radiological and 
Medical Sciences, South Korea 
 
Although development of tumor radioresistance remains a significant 
impediment to successful radiotherapy, the underlying molecular 
mechanisms and markers are not well defined. In this study, we 
identified inositol polyphosphate 4-phosphatase type II (INPP4B) as a 
novel marker of radioresistance by using systematically analyzing 
Unigene libraries for profiles derived from laryngeal cancer. INPP4B 
was highly expressed in radioresistant laryngeal cancer cell lines and 
was induced by treatment with either radiation or anticancer drugs in 
various types of cancerous cells. Radiation-induced INPP4B 
expression was blocked by the inhibition of extracellular signal-
regulated kinase-1/2. Ectopic INPP4B overexpression increased 
radioresistance or anticancer drug resistance by suppressing apoptosis 
in various types of cancer cells. Conversely, INPP4B depletion with 
small interfering RNA resensitized the cells to radiation- or anticancer 
drug-induced apoptosis. Furthermore, increased Akt phosphorylation 
was significantly reduced by INPP4B depletion, indicating that 
INPP4B-mediated radioresistance is regulated by Akt activation. In 
conclusion, our data not only provided evidence that radiation- or 
anticancer drug-induced INPP4B expression is associated with the 
development of tumor resistance against radiation and anticancer 
drugs, but it also defined the protective function of INPP4B as a 
stress-responsive protein in cancer cells. 
 
POS36-20. Brain tumors - an epigenetic connection: analysis of 
epigenetic changes in radiation-sensitive & radiation-resistant 
glioblastoma cells. Anna Kovalchuk1,2, J. Novak1, R. Rodriguez-
Juarez1, B. Kolb2, O. Kovalchuk1, 1: Department of Biological 
Sciences, University of Lethbridge, AB, Canada, 2: Department of 
Neuroscience, University of Lethbridge, AB, Canada 
  
Glioblastoma is the most frequent primary brain tumor occurring in 
adults. Its prognosis is dismal, the average survival time being often 
less than 12 months after diagnosis. Glioblastomas are characterized 
by striking radioresistance and understanding the mechanisms of 
radiation sensitivity of glioblastoma cells is crucial for development of 
novel treatment strategies. 
Epigenetic changes are important in a variety of malignant tumours, 
including brain tumours. Epigenetic changes are meiotically heritable 
and mitotically stable alterations in gene expression that include DNA 
methylation, histone modification and RNA-associated silencing. 
They are important regulators of tumour treatment responses. Yet, 
very little is known about the roles of epigenetic changes in responses 
of glioblastoma cell lines to high (therapy-like) and low (diagnostic 
exposure-like) doses of radiation. 
We profiled radiation responses of 5 glioblastoma lines: M059J and 
M059K, SK-N-BE, A172 and IMR-32. The rhabdomyosarcoma 
(RMS) cell line was used as a control for the other tissues. Amongst 
the tested lines, the M059J cell line is deficient in DNA-dependent 
protein kinase (DNA-PK) due to a mutation in PRKDC gene. 
Whereas, the M059K cell line, isolated from the same malignant 
tumour, has normal DNA-PK activity.  Also, the MO59J are 
radiosensitive, while MO59K cells are very resistant to radiation. WE 
profiled their responses to high, therapy-like radiation doses.  SK-N-
BE, A172 and IMR-32 lines have been used before for the analysis of 
glioblastoma radiation responses and have also been proven to be 
good models of Alzheimer‘s disease. Thus, we profiled their 
responses to low (diagnostic exposure-like) doses of radiation. 
We hypothesized that MO59K and MO59J glioma cells would exhibit 
significant differences in the global DNA methylation and gene and 
microRNA expression under normal conditions and after high dose 
irradiation. Furthermore, we predicted that low doses of radiation 
would also alter the gene expression and epigenetic status of 
glioblastoma SK-N-BE, A172 and IMR-32 cells. 
To study the distribution and plasticity of DNA methylation in a 
quantitative fashion, we used the Illumina Infinium 
HumanMethylation27 BeadChip Assay. Global gene expression 
profiling was conducted using the llumina Whole-Genome Expression 
BeadChipsTM platform. MicroRNA profiling was contracted out to 
LC Sciences. 
Here we will present a new model  to explain the role of epigenetic 
changes in high and low dose radiation responses of glioblatoma cells. 
 
POS36-21. Ionizing Radiation Induces Migratory and Invasive 
phenotypes via E-cadherin-Catenin-Small Rho GTPases axis in 
MCF7 Human Breast Carcinoma Cells. Amit Kumar, M. Ali, B.N. 
Pandey, Radiation and Cancer Biology Section, Radiation Biology 
and Health Sciences Division, Bhabha Atomic Research Centre, India 
 
Recently molecular and pathological evidence of epithelial–
mesenchymal transition (EMT), that play a key role in the 
development of metastasis, has been well documented in human breast 
tumors. However, the effect of ionizing radiation (IR) on EMT like 
changes in human breast carcinoma cells has not been studied 
systematically. An in vitro study was conducted to investigate the IR 
induced EMT like alterations including morphology, adhesion, and 
migration of estrogen receptor-α-positive human breast carcinoma 
cells (MCF7). Cancer cells were irradiated at 2-12 Gy and after 24-72 
h of irradiation, a dose-dependent change in cell morphology from 
cuboidal (cobblestone type) to an elongated spindle-like shape was 
observed by bright field microscopy. Un-irradiated control cells were 
found to form colonies of tightly clustered cells. In contrast, tightly 
clustered cells were not observed in cells treated with IR. These 
changes were likely accompanied by the rearrangement of cell–cell or 
cell-extracellular matrix (ECM) contacts. Further experiments showed 
that irradiated MCF7 cells (4-12 Gy/48 h) exhibited significant and 
dose-dependent increase in adhesion (~2-4 folds). The mesenchymal 
transition of MCF7 cells with surface protrusions and increased cell 
adhesion seems to be potentially linked with rearrangement of 
cytoskeleton contact. Immunostaining of irradiated cells with TRITC-
conjugated phalloidin revealed significantly increased F-actin stress 
fibre formation. Results also showed that IR promoted E-cadherin 
repression and altered localization of p120 catenin. Pretreatment with 
latrunculin-A, an inhibitor of actin polymerisation or CT04, a specific 
inhibitor of Rho proteins prevents both IR induced actin 
reorganization and filopodial/lamellipodial structures. Bright field 
microscopic images of scratch motility assay showed IR increased 
MCF7 cell motility. Collectively, these results show that IR induces 
E-cadherin-catenin mediated Rho-dependent actin stress fibre 
formation that seems to be involved in the acquisition of invasive and 
migratory phenotype of MCF7 human breast carcinoma cells. 
 
POS36-22. In vivo global transcriptional response to hypoxia in 
human tumor xenografts predicts treatment outcome. Gloria C. Li, 
A. Minami, F. He, V. Seshan, Q. Chen, C.C. Ling, Memorial Sloan 
Kettering Cancer Center, USA 
 
Tumor hypoxia, present in many human cancers, causes radio- and 
chemo- resistance, a more aggressive phenotype, and is prognostic of 
treatment outcome.  Recently, we generated a human tumor 
(colorectal carcinoma) xenograft model (HT29-HRE) in which the 
dual reporter fusion gene (HSV1-TK and eGFP) was under the control 
of hypoxia-inducible promoter (HRE).  One promising aspect of this 
model is the ability to separate tumor cells of different hypoxia status, 
and then to examine their respective characteristics.  We have 
previously demonstrated this in proof of concept by showing that the 
chronically hypoxic cells (eGFP high) were much more radioresistant 
than aerobic cells (eGFP low).  In this study, we exploit this ability of 
the HRE model to investigate hypoxia-induced global transcriptional 
response in vivo.  HRE tumors were grown subcutaneously in the 
limbs of 6-8 wk-old female nude mice, and excised at ~ 10 mm 
diameter. Single cell suspensions were then prepared, and sorted by 
fluorescence activated cell sorting (FACS) based on the level of 
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hypoxia-induced eGFP expression.  The sorted populations 
(eGFP high vs eGFP low) were then analyzed by Illumina expression 
microarrays to assess their global transcriptional response to 
hypoxia.  The microarray analysis revealed clear differences in gene 
expression profile between the two groups, i.e. the hypoxic and the 
aerobic cells.  A differential expression signature for hypoxia was 
derived using a false discovery rate (FDR) of 5% and with > 1.5-fold 
change in mRNA expression.  This gave us a gene list of 122 
genes.  We then evaluated the impact of our in vivo hypoxia gene 
signature on the treatment outcome of breast cancers, from public 
available gene expression datasets. We first clustered the patients 
using the in vivo hypoxia signature genes to arrive at two clusters, and 
we then compared the patient survival data across these two clusters 
by Kaplan-Meier analysis. Our study clearly demonstrated that 
our in vivo hypoxia signature, derived from the human tumor 
xenograft model, has significant prognostic potential. 
 
POS36-23. Mesenchymal stem cells stimulated by γ-irradiation 
promote mesenchymal transformation in glioma. Eun-Jung Lim1, 
Y. Suh1, C. Yoon1, R. Kim1, K. Uoo1, G. Lee1, Y. Ha1, S. Lee1, S. 
Kang2, 1: Hanyang University, South Korea, 2: Catholic University, 
South Korea 
  
The variety of stromal cells in the surrounding environment are 
recruited to tumors, and these not only enhance growth of the primary 
cancer but also facilitate its metastatic dissemination to distant organs. 
Mesenchymal stem cells (MSCs) have been recently described to 
localize to cancer, where they integrate into the tumor-associated 
stroma.  However, the involvement of mesenchymal stem cells in 
brain tumor pathophysiology has not been addressed. Here, we show 
that radiation-induced cytokines in MSCs are involved in the 
mesenchymal transformation of glioma cells. Exposure to ionizing 
radiation stimulated MSCs to secrete cytkines such as IL6 and IL8, 
which then acts in a paracrine fashion on the glioma cells and 
enhances their motility and invasion. Moreover, the secretion of IL6 
and IL8 by MSCs led to the enrichment of glioma stem-like cell 
population in glioma cells. Collectively, these data demonstrate that 
radiation-activated MSCs contribute to tumor microenvironment and 
facilitates to change glioma cells to more malignant cells. 
 
POS36-24. Mechanisms of Pulsed Low Dose Radiation and 
Temozolomide in a Murine Orthotopic Model of Glioblastoma. 
Brian Marples, D.Y. Lee, J.L. Chunta, J. Torma, S.S. Park, A.M. 
Martinez, G.D. Wilson, William Beaumont Hospital, USA 
 
Glioblastomas (GBM) are aggressive brain tumors that are highly 
resistant to therapy. We tested a novel radiotherapy (RT) regimen, 
pulsed low dose radiation (PLDRT), in combination with 
temozolomide (TMZ) to assess its efficacy and mechanism of action 
using a murine orthotopic GBM model. Treatment response was 
evaluated using microPET/CT imaging and immunohistochemistry. 
Nude mice were intracranially injected with U87MG human GBM 
cells and imaged weekly with a FLEX TriumphTM combined PET/CT 
system. 18F-FDG PET images were co-registered with high-resolution 
MicroCT images. The CT component of the fused images was used to 
contour tumor volume, which was then applied to the PET image to 
obtain tumor metabolic activity (SUVmax). RT to the cranium was 
delivered to 14 Gy in 7 days beginning on day 7-10 post-implantation. 
TMZ (10mg/kg via oral gavage) was given 1hr before RT. Six groups 
(n=6-9 per group) were evaluated: Sham; RT alone (2 Gy x 7 days); 
PLDRT alone (10x0.2 Gy pulses with 3 minute inter-pulse interval x 7 
days); TMZ alone; TMZ + RT; TMZ + PLDRT. Control mice 
exhibited neurologic death on day 17±2. PLDRT group showed an 
additional growth delay of 1 week compared to conventional RT 
group. The addition of TMZ to conventional RT led to 3 week growth 
delay compared to the control arm. There was no significant tumor 
growth delay difference between conventional RT vs. pulsed low dose 
RT with temozolomide. However, assessment of weekly metabolic 
activity indicated that TMZ + PLDRT was more efficacious than TMZ 
+ RT arm. TMZ + PLDRT arm showed 40% decrease in 
SUVmax activity that lasted for 2 weeks compared to only 1 week for 
TMZ + RT arm. The increased efficacy of the PLDRT was also 
evident in the tumor volume measurements at the end of treatment. In 
addition, TMZ + PLDRT group showed 2-3 fold reduction in normal 
brain tissue damage compared to the TMZ + RT group. Areas of low 
tumor Ki-67 tended to be associated with reduced vascularization. The 
high Ki-67 level and low apoptosis level correlated well with the rapid 
tumor regrowth kinetics observed by CT imaging. Utilizing anin 
vivo murine orthotopic GBM model, the concurrent delivery of TMZ 
to RT or PLDRT resulted in additional growth delay. Duration of 
decline in SUVmax was longer in TMZ + PLDRT group compared to 
TMZ + RT group and this enhanced cytotoxicity was associated with 
less normal brain damage. 
 
POS36-25. Effect of the Angiogenesis Inhibitor Sorafenib on 
Tumor Perfusion and Hypoxia in Cervix Cancer Patients Treated 
with Radiotherapy. Michael Milosevic, C. Townsley, S. Kim, H. 
MacKay, L. Manchul, W. Levin, I. Yeung, M. Haider, J. Xie, R. Hill, 
A. Oza, A. Fyles, Princess Margaret Hospital, Canada 
 
Background: Angiogenesis is up-regulated in many solid tumors, 
including cervix cancer. Pre-clinical studies have shown that 
inhibition of angiogenesis can improve response to radiotherapy (RT). 
The purpose of this study was to examine the effect of the 
angiogenesis inhibitor sorafenib on the tumor microenvironment and 
clinical outcome in cervix cancer patients receiving RT and cisplatin 
chemotherapy (RTCT). 
Materials and Methods: This was a phase I-II study of sorafenib in 13 
patients with locally advanced cervix cancer receiving RTCT. 
Sorafenib 400 mg or 800 mg was given daily for 1 week prior to the 
start of RTCT in all patients, as well as during RTCT in 3 patients 
with high-risk disease. Biomarkers of response to sorafenib were 
measured at baseline, after 1 week of sorafenib alone and after 1 week 
of RTCT. Median follow-up was 21 months. 
Results: Mean tumor volume measured using MR increased during 
treatment with sorafenib alone (78 to 86 cm3, p<0.01). Mean DCE MR 
enhancing fraction (EF) and mean relative signal intensity (RSI) both 
decreased (86 to 73%, p=0.02 and 1.9 to 1.7, p=0.07) in keeping with 
changes in vascularity. The tumors also became more hypoxic (mean 
pO2: 3 to 14 mm Hg, p=0.01) but there was no change in mean 
interstitial fluid pressure (IFP: 24 to 21 mm Hg). After 1 week of 
RTCT, mean tumor volume had deceased (81 to 57 cm3, p=0.01) and 
there was a significant reduction in mean IFP (24 to 16 mm Hg, 
p=0.04). However, EF, RSI and median pO2 were not different from 
baseline. At last follow-up, 2 patients had recurred – 1 in pelvic lymph 
nodes and 1 at distant metastatic sites – and 1 patient had died without 
ever achieving disease control. Grade 3-4 late toxicity was identified 
in 3 patients – 1 with pelvic fistulae, 1 with rectal bleeding and 1 with 
an anal fissure. 
Conclusions: Sorafenib reduces tumor perfusion/permeability and 
increases hypoxia in cervix cancer consistent with an antiangiogenic 
effect. Although sorafenib was well tolerated in combination with 
RTCT, these biomarker changes suggest that the drug is unlikely to 
improve clinical outcomes in this patient population. 
 
POS36-26. Isolation of endothelial cells from cancer and normal 
tissue of human breasts, and the radiosensitivity of the isolated 
endothelial cells in vitro. Eun-Taex Oh, M. Park, H. Lee, M. Song, 
B. Choi, H. Joo Park, Inha University College of Medicine, South 
Korea 
 
Purpose: The purpose of present study was to compare various 
radiobiological aspects including clonogenic death of cancer-derived 
endothelial cells (CECs) and normal tissue-derived endothelial cells 
(NECs) in vitro. 
Experimental procedures: We have developed a novel method for 
harvesting endothelial cells from blood vessels of freshly obtained 
cancer and adjacent normal tissue of human breast. When human 
breast tissues including cancer were embedded in Matrigel and 
cultured in endothelial cell culture medium (ECM) containing growth 
factors, endothelial cells grew out of the tissues. The endothelial cells 
were harvested and cultured as monolayer cells in plates coated with 
gelatin. The 2nd ~ 5th passages were exposed to various doses of 
radiation and the changes in clonogenic cell survival, wound healing 
and tube formation capacity were determined. 
Summary: Both CECs and NECs expressed almost the same levels of 
surface markers CD31, CD105 and TEM-8 (tumor endothelial 
marker-8), which are known to be expressed in angiogenic endothelial 
cells, i.e., mitotically active endothelial cells. Furthermore, both CECs 
and NECs were able to migrate into experimental wound in the 
monolayer culture, and also to form capillary-like tubes on Matrigel-
coated plates. However, the suppressions of migration and capillary-
like tube formations by irradiation were greater for CECs than NECs 
from the same patients. The clonogenic survival assays also 
demonstrated that CECs were far more radiosensitive than NECs. 
Conclusion: We have developed a simple and efficient new method 
for isolating endothelial cells from cancer and normal tissue, and 
demonstrated for the first time that endothelial cells of human breast 
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cancer are significantly more radiosensitive than their normal 
counterparts from the same patients. 
 
POS36-27. Differential regulation of angiogenesis by MAPK 
signaling pathways in irradiated human normal and cancer 
endothelial cells. Moon-Taek Park, E.T. Oh, H. Lee, M.J. Song, B.H. 
Choi, H.J. Park, Inha University College of Medicine, Department of 
Microbiology, South Korea 
 
Purpose: Despite the strong possibility that endothelial cells of tumors 
and normal tissues may be different in various aspects, most of the 
previous studies on endothelial cells have been conducted using 
normal endothelial cells. Therefore, we have developed a novel 
method for harvesting endothelial cells from blood vessels of freshly 
obtained cancer and adjacent normal tissue of human breast, and 
further investigated the role of ionizing radiation-induced cellular 
signaling pathways in the alternation of angiogenic process observed 
after the purified endothelial cells were irradiated. 
Experimental procedures: When human breast tissues including 
cancer were embedded in Matrigel and cultured in endothelial cell 
culture medium (ECM) containing growth factors, endothelial cells 
grew out of the tissues. The endothelial cells were harvested, cultured 
as monolayer cells in plates coated with gelatin, and exposed to 
radiation, and then the changes in clonogenic cell survival, tube 
formation capacity, gene expression, and cellular signaling pathways 
were determined. 
Summary: Cancer endothelial cells were significantly more 
radiosensitive than their normal counterparts. In normal endothelial 
cells, 4 Gy of ionizing radiation (IR) induced an increase in the 
capillary-like tube formation,  the expression of matrix 
metalloproteinase-2 (MMP-2), and the activation of ERK pathway. 
However, in cancer endothelial cells, 4 Gy of IR significantly reduced 
the capillary-like tube formation, and induced the expression of 
angiostatin and the activation of both AKT and JNK pathways. 
Additionally, inhibition of ERK with a pharmacological inhibitor or a 
small interfering RNA markedly suppressed the capillary-like tube 
formation and the expression of MMP-2 caused by IR in normal 
endothelial cells. In cancer endothelial cells, inhibition of either AKT 
or JNK with a pharmacological inhibitor or a small interfering RNA 
clearly attenuated inhibition of the capillary-like tube formation, and 
the expression of angiostatin caused by IR. 
Conclusion: Our results demonstrate that IR promotes the formation 
of capillary-like tubes via ERK-mediated MMP-2 expression in 
normal endothelial cells, whereas IR suppresses the formation of 
capillary-like tubes via AKT and JNK-mediated angiostain expression 
in cancer endothelial cells. 
 
POS36-28. Effect of Astaxanthin on Tumor Cell Response to 
Ionizing Radiation.  Anne Sanders, W. Chen, V. Payne, C. 
McMahan, K. Barlow, M. Robbins, L. Metheny-Barlow, Wake Forest 
School of Medicine, USA 
 
The survival or quality of life of cancer patients would be improved if 
conventional therapies could be combined with drugs that enhanced 
their anticancer effects or protected against normal tissue 
toxicity.  One candidate is astaxanthin (AST), a xanthophyll 
carotenoid with both antioxidant and anticancer properties.  Here, we 
tested the influence of AST on the radiosensitivity of a panel of 
human and rodent breast cancer cell lines.  In clonogenic or MTS 
assays, while no protection from ionizing radiation (IR) was observed 
when tumor cells were exposed to AST only prior to radiation, we 
also did not observe any AST-mediated enhancement of radiation 
response in the five breast tumor cell lines tested thus 
far.  Interestingly, we find that exposing tumor cells to AST alone 
after plating in a clonogenic assay significantly reduces plating 
efficiency of the cells.  When cells were exposed to IR then treated 
with AST afterward, breast cancer cell lines either showed no effect or 
a slight protective effect was observed.  However, overall clonal 
survival was decreased with the combination of IR and post-IR AST 
treatment compared to sham vehicle, suggesting that the combined 
treatment was more effective than either treatment alone.  Using an in 
vivo syngeneic rat breast cancer brain metastasis model, we 
determined that Fischer 344 rats implanted with MATBIII mammary 
tumor cells and treated with fractionated whole-brain irradiation 
(fWBI) (5 Gy fractions delivered 2x/week for 4 weeks) were fed an 
AST diet (100mg/kg diet) initiated after fWBI, 100% of animals 
(n=10) were still surviving at 21 weeks post-implantation.  In contrast, 
only 67% of tumor-bearing animals treated with fWBI alone (n=12) 
were still surviving at 21 weeks (p<0.05).  However, animals that 
were fed AST during fWBI had reduced survival (median survival 
time 15 weeks, n=10; p<0.02 compared to AST post-IR).  Together 
these data suggest that irradiation followed by AST treatment may 
enhance therapeutic response, but that AST administration during 
radiation treatment may be contraindicated. 
This work was supported by the U.S. Army Medical Research and 
Materiel Command under W81XWH-09-1-0067 and W81XWH-10-1-
0443.  AS was supported by NIH T32 CA113267. 
  
 POS36-29. The role of Rev1 in radiation and chemical -induced 
tumor development using Rev1 Tg mice. Megumi Sasatani1, H. 
Honda1, K. Hamasaki2, Y. Kusunoki2, Y. Masuda1, K. Kamiya1, 1: 
Hiroshima university, Japan, 2: Radiation Effects Research 
Foundation, Japan 
 
Ionizing radiation is a carcinogenic agent. Radiation carcinogenesis is 
the results of a series of somatic mutations. However, it remains 
poorly understood that when and how somatic mutations are 
accumulated in radiation induced cancer development. Translesion 
DNA synthesis (TLS) carried by specialized DNA polymerases plays 
a critical role in mutagenesis. Rev1, which possesses deoxycytidyl 
transferase activity, plays the central role on the TLS and can interact 
with other TLS polymerases. It has been reported that absence of 
Rev1 sensitizes to a variety of DNA damaging agents such as ionizing 
radiation and alkylating agents. Furthermore, overexpression of Rev1 
showed increased resistance to cisplatin known as DNA damaging 
agent. However, how expression level of Rev1 affects the 
mutagenicity and tumorigenicity in vivotreated by these DNA 
damaging agents is not still established. To explore this issue, we have 
developed Rev1transgenic mice in the C57BL/6 strain. Both Rev1 Tg 
and wild type mice (C57BL/6) were exposed to radiation or treated 
with alkylating agent and examined their development of cancers. 
Radiation and chemical treatment induced thymic lymphoma in 
both Rev1 Tg and wild type mice, but the latency was significantly 
different between the two group. Our data assume that 
overexpressed Rev1 has the some different role in radiation and 
chemical induced tumor development. IKZF1 (Ikaros) tumor 
suppressor gene may be associated with these phenomena. These 
demonstrate that expression of Rev1 may be correlated with radiation 
and chemical induced tumor development. 
 
POS36-30. Cell-in-Cell structures in tumors. Manuela Schwegler1, 
B. Abendroth2, F. Putz2, L. Distel1, 1: Universitätsklinikum Erlangen, 
Germany, 2: Friedrich-Alexander-Universität Erlangen-Nürnberg, 
Germany 
 
Tumor cells have an increased potential for the incorporation of cells. 
This phenomenon is called cell cannibalism or cell-in-cell structures 
(CIC). CIC have been found in tumor tissue sections and in cell 
cultures. CIC is regarded to be one type of cell death. Our question 
was whether CIC formation is common among tumor cells and 
whether cells from normal tissue are able to form CIC? 
The precondition for cell uptake is the adhesion of two tumor cells. 
For quantification of adhesion two samples of tumor cells were dyed 
with two different membrane-permeable dyes, mixed and analyzed by 
flow cytometry before and after 90 minutes of coincubation. One of 
the so dyed samples was pretreated to stimulate incorporation. 
Microscopic analysis followed 4 hours of coincubation. This 
experiment was repeated 3 times with 5 tumor cell lines, one primary 
tumor cell line, one lymphoblastoid cell line and 3 primary skin 
fibroblasts cell lines. Additionally the process of incorporation was 
imaged via life-cell microscopy. The incorporation of tumor cells was 
tried to inhibit by ionizing radiation (50 Gy) or exposition to ultra-
violet light. 
Flow cytometry analysis showed a significant increase of adhesion of 
tumor cells between untreated and pretreated-samples. All cell lines 
were able to form CIC structures. Highest rates were among the tumor 
cell lines, lower rates in the fibroblasts and lowest in the 
lymphoblastoid cell line. The number of cell-in-cell structures found 
via microscopy correlated with the degree of aggregation. CIC 
structure has a characteristic appearance. The cell is filled with a cell 
inside a vacuole that pushes the nucleus crescent shaped to one side. 
The amount of detected E-Cadherin and β-Catenin was reduced in the 
pretreated cells compared to the untreated cells. Exposure to UV light 
resulted in a small decrease of the incorporation ratio, whereas 
irradiation did not change the incorporation rates. Via westernblot 
analysis release of heat shock protein 70 (Hsp70) by heat-treated 
cancer cells could be detected. Caspase-dependent cell death was not 
induced by pretreatment as activated caspase 3 was not detected. 
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In conclusion not only tumor cells but even normal tissue cells seem 
to be able to form CIC. CIC seems to be common to a variety of cell 
types and may be an underestimated type of cell death. 
 
POS36-31. High interstitial fluid pressure is associated with 
different vascular abnormalities in human melanoma xenografts. 
Trude G. Simonsen, J. Gaustad, M.N. Leinaas, E.K. Rofstad, 
Department of Radiation Biology, Institute for Cancer Research, Oslo 
University Hospital, Norway 
 
Purpose: Interstitial fluid pressure (IFP) is highly elevated in many 
solid tumors and has been shown to be associated with radiocurability 
in human melanoma xenografts and poor survival after radiation 
therapy in cervical cancer patients. Abnormalities in tumor vascular 
networks have been identified as an important cause of elevated tumor 
IFP. The aim of this study was to investigate the relationship between 
elevated tumor IFP and the functional and morphological properties of 
tumor vascular networks. 
Methods and materials: A-07-GFP and R-18-GFP human melanomas 
growing in dorsal window chambers in BALB/c nu/nu mice were used 
as preclinical tumor models. Blood supply time, plasma velocity and 
morphological parameters of the vascular network were assessed from 
first-pass imaging movies and vascular maps recorded after 
intravenous bolus injection of 155-kDa tetramethylrhodamine 
isothiocyanate-labeled dextran. IFP was measured in the center of the 
tumors using a Millar catheter. 
Results: High IFP was associated with low angiogenic activity, i.e. 
low growth rate and low vascular density in A-07-GFP tumors. 
Conversely, high IFP was associated with high angiogenic activity, 
i.e. high growth rate and high vascular density in R-18-GFP tumors. 
IFP was associated with blood flow resistance in both A-07-GFP and 
R-18-GFP tumors. High IFP correlated with a high ratio between the 
plasma velocity in the tumor arterioles and the plasma velocity in the 
tumor venules. 
A-07-GFP tumors with high IFP showed high geometric resistance to 
blood flow caused by high vessel tortuosity. R-18-GFP tumors with 
high IFP showed high geometric resistance as a consequence of high 
vessel density and low vessel diameter in the middle and peripheral 
tumor regions. 
Conclusions: High IFP in human melanoma xenografts was associated 
with high blood flow resistance. Different vascular abnormalities 
caused high blood flow resistance in A-07-GFP and R-18-GFP 
tumors. 
 
POS37 Radiation chemistry: basic 
problems 
 
POS37-01. Postirradiation chemical processing of DNA damage 
generates DSBs in cells already engaged in repair. George Iliakis, 
S. Singh, M. Wang, C. Staudt, 1: University of Duisburg-Essen, 
Medical School, Germany 
 
In cells exposed to ionizing-radiation (IR), double-strand-breaks 
(DSBs) form within clustered-damage sites from lesions disrupting the 
DNA sugar-phosphate backbone. It is commonly assumed that these 
DSBs form promptly and are immediately detected and processed by 
the cellular DNA-damage-response (DDR) apparatus. This 
assumption is questioned by the observation that after irradiation of 
naked DNA, a fraction of DSBs forms minutes to hours after exposure 
as a result of temperature-dependent, chemical processing of labile 
sugar lesions. Excess DSBs also form when IR-exposed cells are 
processed at 50°C, but have been hitherto considered method-related 
artifact. Thus, it remains unknown whether DSBs actually develop in 
cells after IR exposure from chemically labile damage. Here we show 
that irradiation of ―naked‖ or chromatin-organized mammalian DNA 
produces lesions, which evolve to DSBs and add to those promptly 
induced, after 8-24h in-vitro incubation at 37 C or 50 C. The 
conversion is more efficient in chromatin-associated DNA, completed 
within 1h in cells and delayed in a reducing environment. We 
conclude that IR generates sugar lesions within clustered-damage sites 
contributing to DSB formation only after chemical processing, which 
occurs efficiently at 37°C. This subset of delayed DSBs may 
challenge DDR, may affect the perceived repair kinetics and requires 
further characterization. 
Supported by Grants from the BMBF (KVSF) and ESA. 
 
POS37-02. Excited States of p-Terphenyl in Selected Ionic Liquid 
under Electron Pulses Irradiation. Rafał Kocia, J. Grodkowski, J. 
Mirkowski, Institute of Nuclear Chemistry and Technology, Poland 
 
Room temperature ionic liquids (ILs) are regarded as low volatile and 
non-combustible green solvents for various reactions. Improvement of 
the yield of a number of reactions in the ILs, controlling outcome and 
stereoselectivity of products makes ILs more than just eco-friendly 
substitute for volatile organic compounds. Their specific properties 
and numerous experiments provide useful applications of ILs in many 
fields, e.g. in nuclear industry, biochemistry, chemical engineering, 
energy production, etc. 
For radiation chemistry the ionic liquids constitute a challenge as a 
new object to study in two aspects, their stability under ionizing 
radiation and as a new medium for basic study of mechanism of 
chemical reactions, some of them unique, occurring in these solvents 
only. The pulse radiolysis of p-terphenyl (TP) solution as a source of 
radiation generated intermediates gives then some insight into the 
nature of primary products of ionic liquid radiolysis. In the present 
study the formation of excited states of TP, both singlet and triplet, in 
the methyltributylammonium bis[(trifluoromethyl)sulfonyl]imide 
([MeBu3N][NTf2]), solutions have been examined by pulse radiolysis. 
The pulse radiolysis of TP solution has been carried out under 
appropriate gases such as argon and nitrous oxide in the presence or 
absence of triethylamine (TEA). Additionally benzophenone (BP) 
have been selected an effective sensor of excited states formations. 
Fast kinetic measurements have been carried out using 10 ns, 10 MeV 
electron pulses from a Linear Electron Accelerator (LAE 10) 
delivering the dose up to 20 Gy per pulse. Measurements have been 
carried out using two switch-able detectors: photomultiplier or ICCD 
camera (Intensified Charge Coupled Device). The system ICCD 
enables us to take whole absorption or emission spectrum from single 
pulses. 
TP photocatalytic activity of TP was the main reason to select this 
compound for experiments in IL solutions. TP anion radical is a strong 
reductor and was used in catalyzed photochemical reduction of carbon 
dioxide in different solvents. The radiolysis of TP solution in IL 
indicated the formation of ion radicals and obviously excited species. 
TP anion radical is created photochemically mainly from singlet 
excited states by reaction with a sacrificial electron donor TEA and in 
radiolysis also directly in reaction with solvated electrons. 
Excited states of p-terphenyl in IL solution are formed by energy 
transfer from excited radiolysis products of IL and probably in direct 
TP excitation by Čerenkov light. 
The singlet excited state is short lived and was investigated by 
observation of light emission only during the electron pulse. However, 
in the case of TP yield of singlet – triplet intersystem crossing is very 
low. To observe undoubtedly TP triplet excited state formation energy 
transfer from BP triplet excited state was applied. The yield of 
benzophenone singlet – triplet intersystem crossing is close to 1 and 
formation of TP triplet excited state in the process of energy transfer 
from BP triplet excited state was evident. 
 
POS37-03. Generation of oxidizing radicals and their reactivity in 
ionic liquids with the same anion. Małgorzata Nyga1, G.L. Hug2, J. 
Mirkowski1, T. Szreder1, J. Grodkowski1, 1: Centre for Radiation 
Research and Technology, Institute of Nuclear Chemistry and 
Technology, Poland, 2: Notre Dame Radiation Laboratory, University 
of Notre Dame, Notre Dame, Indiana, USA  
  
Ionic liquids (ILs) are fascinating class of salts with melting point 
below 100 C. Their properties can be controlled by selecting various 
combination of anion and cation. Some of them called room 
temperature ILs melt below 25 ˚C. These liquids are compose from 
irregularly shaped cations and anions. Due to significantly low 
symmetry of ions ILs have properties which were not available before 
and give new possibilities to carry out experiments in conditions 
which were earlier impossible. ILs have a great potential for replacing 
non-environmental friendly classical solvents in industry. They do not 
evaporate and they are more stable chemically, thermally and 
electrochemically than volatile organic solvents. 
ILs have potential to be used in nuclear power technology for 
production, transportation, storage and recycling of nuclear fuel. For 
such applications knowledge of mechanisms of ILs radiation 
degradation and radiation resistance thresholds are crucial. 
The aim of this work is study of radiation initialized reactions in 
selected ILs by pulse radiolysis. Pulse radiolysis allows to investigate 
short living free radicals, providing detailed information about the 
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spectrum, kinetics and mechanism of reactions of these species. We 
examined reaction: 
IL‖hole‖+ A
‾ → A● + IL (where A‾ is solute anion)  
in three ILs: methyltributylammonium N,N-
bis(trifluoromethylosulfonyl)imide, (MeBu3NTf2) 1-hexyl-3-
methylimidazoliumN,N bis(trifluoromethylosulfonyl)imide, 
(hmimNTf2) and triethylammonium N,N-
bis(trifluoromethylosulfonyl)imide (Et3NHNTf2). 
We determined optical and kinetic characteristic of reactions products. 
Two fundamental groups of radicals arise in the process of radiolysis: 
from the reaction „of holes‖ (centers with deficiency of electrons) and 
from the reaction of electrons. Oxidizing radicals which are successor 
of solute reaction with holes are very important individuals which play 
significant role in chemistry and biochemistry. In our study we focus 
on oxidizing radicals reactions in ionic liquids. Knowledge of these 
species in ILs is still in its infancy Due to high viscosity of ionic 
liquids the reactions are much slower as compared to water solutions. 
With very high viscosity of ionic liquids it is possible to measure 
investigated reactions in ways that had not been possible previously. 
One can observe transient spectra and identify reaction intermediates 
and individual steps in reaction mechanism. 
All three chosen ionic liquids containing NTF2
- anion. The ionic 
liquids with this anion were radiation resistant with low viscosity. The 
change of cation modified properties of ILs making possible 
observation of a influence of this changes on behavior of short lived 
species. We generated radical-anions (SCN)2
·-, Br·-, I2
·-, with different 
reduction potential between +1,03 to +1,66 V (vs NHE, in water) and 
N6
·-,applying solute anions SCN-, Br-, I-, N3
-, respectively. Collected 
absorption spectra indicate the presence of mentioned radical-anions. 
The study confirm hypothesis about different behavior of free radicals 
in ILs as compared to classical organic solvents and water. 
 
POS37-04. Electron recombination in irradiated liquid argon: a 
computational study. Mariusz Wojcik, M. Jaskolski, Inst. of Applied 
Radiation Chemistry, Technical University of Lodz, Poland 
 
Because of its favorable physical properties and availability, liquid 
argon (LAr) has been widely used as a detection medium in high-
resolution detectors of elementary particles. Important examples of 
such detectors are: ICARUS (Italy), D0 (USA), and ATLAS (part of 
the Large Hadron Collider at CERN, Switzerland). 
Electron-ion recombination processes in irradiated LAr cannot be 
described by the standard theories of recombination based on the 
diffusion equation. This is caused by a very high electron mobility in 
LAr, which results from infrequent electron scattering in this medium. 
Moreover, nonhomogeneous distributions of ionization products in 
radiation tracks make it difficult to treat the track evolution processes 
analytically. 
In this work, we present a computer simulation methodology which is 
based on realistic models of electron transport and reactions in LAr 
[1,2] and allows us to quantitatively reproduce the experimental data 
obtained from the ICARUS detector [3]. In our approach, electron 
trajectories in radiation tracks are directly simulated and electron 
collisions are modeled using energy-dependent cross sections. By 
introducing the concept of one-dimensional periodicity in the tracks, 
we are able to model very large ionization clusters. We calculate the 
probability of escape from recombination for radiation tracks of 
various initial distance (r) between the ions. The simulation results are 
in good agreement with experiment in the range of r up to about 30 
nm. At lower ionization densities, the simulation results overestimate 
the experimental data. We explain this discrepancy by considering the 
role of delta-tracks (short tracks of secondary electrons) in electron 
recombination in LAr. We introduce a theoretical model that allows us 
to obtain quantitative agreement between the theory and experiment in 
the whole range of ionization density. We also compare the simulation 
results with the predictions of the classical Jaffe theory of columnar 
recombination and discuss the applicability limits of this analytical 
theory. 
[1] M. Wojcik, M. Tachiya, Chem. Phys. Lett. 363, 381 (2002). 
[2] M. Jaskolski, M. Wojcik, J. Phys. Chem. A 115, 4317 (2011). 
[3] S. Amoruso et al., Nucl. Instrum. Methods A 523, 275 (2004). 
 
POS38 Radiation technologies 
 
POS38-01. Towards the medical application of laser driven 
particle beams. Elke Beyreuther1, M. Baumann2,3, T. Burris-Mog1, 
W. Enghardt1,2,3, L. Karsch2, S. Kraft1, L. Laschinsky2, E. Lessmann1, 
J. Metzkes1, D. Naumburger2, M. Oppelt2, C. Richter1,2, U. Schramm1, 
M. Schürer2, K. Zeil1, J. Pawelke1,2, 1: Helmholtz-Zentrum Dresden-
Rossendorf (HZDR), Dresden, Germany, 2; OncoRay – National 
Center for Radiation Research in Oncology, Medical Faculty 
Carl   Gustav Carus, TU Dresden, Germany, 3: Universitätsklinikum 
Carl Gustav Carus, Dresden, Germany 
 
During the last years, the new laser based technology of particle 
acceleration was developed at such a rate that medical application, i.e. 
for cancer therapy, becomes entirely conceivable. Promising more 
compact and economic proton accelerators, being suitable for existing 
radiotherapy hospitals, the laser technology however results in ultra-
short pulsed particle beams of ultra-high pulse dose and pulse dose 
rate. Thus, the consequences of laser particle acceleration on beam 
transport and radiation field formation, dosimetry and radiobiological 
effects have to be investigated carefully for the whole translational 
chain from bench to bedside. 
Within the German joint research project ―onCOOPtics‖ systematic in 
vitro cell experiments aiming on the influence of the ultra-high pulse 
dose rate were firstly established at the Jena 10 terawatt laser system 
JETI that provides laser accelerated electrons of some ten MeV. 
Secondly, the increased laser intensity of the 150 terawatt laser system 
DRACO at the HZDR was applied to accelerate protons to energies of 
up to 20 MeV. Previous to these experiments, both laser systems had 
to be extensively optimized in terms of intensity, energy distribution, 
background reduction, spot size, stability and reliability of the particle 
beams. The combination of real-time monitoring of dose delivery and 
a precise retrospective absolute dosimetry enabled the application of 
defined doses, in spite of the laser based fluctuations of beam intensity 
and energy. For comparison, reference irradiations with 
conventionally accelerated, continuous particle beams were performed 
in parallel to each laser experiment. 
In consequence, all key requirements necessary for systematic in 
vitro cell experiments as the basic translational step towards clinical 
application of laser-driven particle beams have been fulfilled. 
Moreover, the dose response curves obtained for pulsed and 
continuous particle beams show no significant influence of the ultra-
high pulse dose rate on the radiobiological response. As next step, 
animal studies that demand for the translation from 2D to 3D 
irradiation are in preparation. 
The work was supported by the German Federal Ministry of 
Education and Research (BMBF), grant no. 03ZIK445. 
 
POS38-02. Radiation inactivation of Paenibacillus larvae and 
sterilization of american foul brood (AFB) infected hives using 
CO-60 gamma rays. Chitho Feliciano, Philippine Nuclear Research 
Institute, Philippines 
 
The effectiveness of gamma radiation in inactivating the Philippine 
isolate of Paenibacillus larvae was investigated. Spores of P. larvae 
were irradiated at incremental doses (0.1, 0.2, 0.4, 0.8 and 1.6 kGy) of 
gamma radiation emitted by a 60Co source. Surviving spores were 
counted and used to estimate the decimal reduction (D10) value. A 
dose of 0.2 kGy was sufficient to inactivate 90% of the total 
recoverable spores from an initial count of 105 to 9 x 103 spores per 
glass plate. The sterilizing effect of high doses of gamma radiation on 
the spores of P. larvae in infected hives was determined. In this study, 
a minimum dose (Dmin) of 15 kGy was tested. Beehives with sub-
clinical infections of AFB were irradiated and examined for sterility. 
All the materials were found to be free of P. larvae indicating its 
susceptibility to γ-rays. After irradiation, there were no visible 
changes in the physical appearance of the hives‘ body, wax, and 
frames. Thus, a dose of 15 kGy is effective enough for sterilization of 
AFB-infected materials. 
 
POS38-03. Radioluminescence studies of bulk and nano-particle 
fluoroperovskites for radiation dosimetry. Christin Gaedtke1, G.V. 
M. Williams2, S.G. Raymond2, J. Donaldson3, L. Greig3, J. Steel3, D. 
Clarke2, S. Janssens4, 1: Victoria University of Wellington, New 
Zealand, 2: Industrial Research Limited, New Zeland, 3: Blood and 
Cancer Centre, Wellington Hospital, New Zeland, 4: SCPS, Victoria 
University, New Zeland 
 
Radioluminescence (RL) has recently attracted considerable interest 
because it can be used to determine the real-time radiation dose and 
dose rate for radiation protection, non-destructive testing, and in 
medicine for monitoring radiation dose during radiotherapy or for 
dose verification and validation. RL is a phenomenon that occurs from 
the prompt radiative recombination of charged particles after 
irradiation. There is a need for new RL materials that have good 
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transparency, high sensitivity, and with a response to radiation that is 
comparable to that of tissue. We have previously shown the some 
fluoroperovskites (e.g. NaMgF3:Eu2+ [1], Rb:MgF3:Eu2+ [2], 
RbCdF3:Mn2+ [3,4]) have potential as optically stimulated 
luminescence dosimeters for monitoring the total radiation dose after 
irradiation. In this paper we report the results from RL measurements 
on bulk transparent polycrystalline fluoroperovskites and 
fluoroperovskite nanoparticles and discuss their potential application 
as real-time dosimeters. Nanoparticles have the advantage that they 
can be used to make dosimeters with arbitrary shapes. We will present 
a model that can account for the RL and methods to obtain dose 
history independent RL. We will also show how RL can be used to 
measure the dose rate in these compounds and report the results from 
characterization using radioactive sources and a medical radiotherapy 
linac operating at 6 MV. References [1] Dotzler, C., Williams, 
G.V.M., Rieser, U., Edgar, A. 2007, Appl. Phys. Lett. 91, 121910 [2] 
Dotzler, C, Williams, G.V.M., Rieser, U., Robinson, J. 2009, J. Appl. 
Phys. 105, 023107 [3] Dotzler, C., Williams, G.V.M., Edgar, A. 2008, 
Current Applied Physics 8, 447 [4] Dotzler, C., Williams, G.V.M., 
Edgar, A. 2007, Appl. Phys. Lett. 91, 181909  
 
POS38-04. Targeting accuracy of image guided radiation of 
intracranial tumors in mice quantified using gold nanoparticles. 
Alessia Gasparini, M.C. de Gooijer, O. van Tellingen, J. Sonke, NKI-
AvL, Netherlands 
 
Technological advances have dramatically improved the conformality 
and accuracy of radiotherapy (RT) of cancer patients. Recently, micro 
image-guided RT (μIGRT) systems have been developed that 
integrate small beam geometries, cone beam CT (CBCT) guidance 
and robotic corrections. These μIGRT systems therefore bridge the 
technology gap between pre-clinical radiation research and clinical 
radiation therapy. The purpose of this work was to quantify radiation 
delivery accuracy of a μIGRT system (X-RAD 225Cx, Precision X-
Ray Inc.) in vivo by using gold nanoparticles (AuNPs), injected 
intracranially with U87 tumor cells, as contrast agent. 
AuNPs (30-100 μg/mL, 150 nm, in saline solution) embedded in gel 
were imaged using CBCT (40-120 kVp). AuNPs were subsequently 
stereotactically injected in nude mice with (n=3) or without (n=5) U87 
tumor cells, 3 mm below the skullcap.  CBCT scans were taken every 
3-5 days with different scanning techniques for up to 2 weeks. The 
tumor marked by the AuNPs was targeted by selecting its position on 
the CBCT reconstructed scan. The computer controlled couch 
consequently moved to place the selected position at the isocenter, 
which was irradiated with a 5 mm diameter field or star shots (8 equi-
angular spaced beams, 1 mm diameter field). γH2Ax and HE staining 
were performed on the slices around the tumor. 
Adequate contrast is found in vitro for each imaging technique 
(maximum relative contrast C=2.4 at 40 kVp). In vivo, no signal was 
detected for AuNPs alone. An increased contrast of the tumor region 
(C=0.49 for 40 kVp) was found for AuNPs+U87. This signal remains 
detectable at day 15 after injection. No abnormalities in mouse 
behaviour were observed. The presence of AuNPs increased the 
targeting accuracy in CBCT by 0.5 mm. The staining results showed 
AuNPs are confined within the volume of the tumor. Radiation 
damage was shown to be centered in the tumor area (0.09 and 0.47 
mm deviation, with and without AuNPs respectively). 
AuNPs are an efficient and reliable contrast agent when injected 
directly in a tumor cells containing suspension, allowing tumor 
detection during the RT.  CBCT of AuNPs in brain is a promising 3D 
addition to 2D bio-luminescence for tumor growth follow-up. The 
comparison of tumor and radiation damage positions demonstrates the 
high targeting accuracy of 0.1 mm of the μIGRT system. 
 
POS38-05. X-ray Imaging with Resist Materials for Elemental 
Mapping. Tomoko Gowa Oyama1, A. Oshima2, S. Tagawa2, M. 
Washio1, 1: RISE, Waseda University, Japan, 2: ISIR, Osaka 
University, Japan 
 
X-ray microscopy has been paid much attention as a promising 
analytical tool with many advantages: high resolution, long depth of 
focus, ability to observe samples without microtoming or heavy metal 
staining, and so on. Moreover, the distribution of specific elements 
will be visualized by the X-ray absorption differences. (J. Kirz et al., 
Q. Rev. Biophys. 28, pp33–130, 1995) 
However, the spatial resolution of currently available devices, such as 
CCD and imaging plates are not enough for nano-scale imaging. 
Hence, using high resolution resist materials as a detection layer has 
been studied to realize nano-scale X-ray imaging. By placing a resist 
behind the object and irradiating with X-rays, the object‘s profile and 
X-ray absorption information can be recorded in the resist as the 
pattern and its depth. By choosing appropriate X-ray wavelengths and 
examining the resist surface with an atomic force microscope (AFM), 
nano-scale imaging and elemental mapping would be possible. 
The sensitivities of several kinds of resist materials have been 
evaluated with monochromated X-rays in our previous studies. It has 
been suggested that the sensitivities would vary in response to the X-
ray wavelengths due to the difference of the resist absorption. (T. 
Gowa et al., Radiat. Phys. Chem., 80(2), pp248-252, 2011) 
In the present study, X-ray imaging of nano-particles was actually 
attempted. An electron beam resist ZEP7000 (ZEON Co.) was chosen 
as the imaging layer because of its high sensitivity. Si3N4 (~65 nm) 
and Au (~50 nm) were coated on the ZEP7000 and monochromated 
X-rays were irradiated. As the result, the distribution of the nano-
particles was recorded on the resist surface. In addition, the images 
recorded with X-rays around K-shell absorption edge of nitrogen were 
compared, in order to evaluate the possibility of elemental mapping of 
nitrogen. The detailed results will be presented at the conference. 
 
POS38-06. Development of Nanosecond and Picosecond Pulse 
Radiolysis System. Yuji Hosaka1, Y. Kawauchi1, R. Betto1, K. 
Ogata1, K. Sakaue1, R. Kuroda2, S. Kashiwagi3, K. Ushida4, M. 
Washio1, 1: Waseda University, Japan, 2: AIST, Japan, 3: Tohoku 
University, Japan, 4: RIKEN, Japan 
 
A compact photocathode S-band RF-Gun has been developing at 
RISE WASEDA University, and pump-probe pulse radiolysis has 
been studying as application of electron beam obtained by this 
photocathode RF-Gun. Pump-probe absorption spectroscopy is one of 
the most well-known methods of pulse radiolysis. Pulse radiolysis has 
been used in various institutes as a powerful method to trace rapid 
initial chemical reactions by ionizing radiation. 
In pump-probe absorption spectroscopy, probe light absorption is 
caused by active species formed by pump beam, and is measured at 
each wavelength. Therefore, both pump beam and probe light are 
necessary in pump-probe pulse radiolysis. 
About 5MeV electron beam that was obtained from compact 
photocathode RF-Gun was used as pump beam, and the various white 
light sources were used as probe light source of this experiment. 
In nanosecond time resolution pulse radiolysis, the stable white light 
emitted from Xe arc flash lamp was used. Because high intensity, 
good stability and broad spectrum of white probe light are key issues 
for pump-probe pulse radiolysis, high-quality pulse radiolysis system 
would be constructible when this white light was used. Thus, 
nanosecond pulse radiolysis without any averaging of waveform was 
successfully conducted. 
A short pulsed white light is necessary in picosecond time resolution 
pulse radiolysis. In this case, supercontinuum radiation with PCF 
(Photonic Crystal Fiber) that was generated from IR monochromatic 
pulsed laser was used. Short pulsed laser is whitened and transformed 
into supercontinuum by nonlinear optical effect in PCF. 
Supercontinuum radiation with PCF is a new technique of white light 
generation, and is studied for various applications recently. One of the 
advantages of supercontinuum probe is the possibility to generate 
white light because of smaller core diameter of PCF, which can 
improve pulse radiolysis system. 
The experimental procedures and results of these pulse radiolysis 
systems will be reported in this presentation. 
 
POS38-07. Optimizing the experimental components required in a 
laser-accelerated particle cell irradiation. Nicole Humble1, K. 
Allinger2, J. Bin2, P. Hilz2, D. Kiefer2, S. Reinhardt2, T. Schmidt1, O. 
Zlobinskaya1, J. Schreiber2, J.J. Wilkens1, 1: Dept Oncology Klinikum 
Rechts der Isar der Technischen Universität München, Germany, 2: 
Max-Planck-Institut für Quantenoptik, Ludwig-Maximilians-
Universität München, Germany 
 
Developments in laser-accelerated heavy-ion technologies offer much 
potential in radiation therapeutic applications. Before these can be 
realised however, preclinical cell irradiation studies must first be 
carried out in order to compare the biological effects of laser-
accelerated particles against those established characteristics of 
particles beams already used in the clinic. The nature of laser-
accelerated particle production already alludes to difficulties in 
establishing the necessary conditions for radiation therapy. A non-
monoenergetic energy spectrum, insufficient beam energy and a 
pulsed rather than continuous beam are but some of the issues 
addressed here.  Therefore preliminary in-vitro cell irradiations are 
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carried out with the ATLAS Ti-Sapphire laser at the Max Planck 
Institute of Quantum Optics using a 1 J beam in 45 fs at 10 Hz. Here 
we describe the methods employed in order to meet the conditions 
required for a laser-accelerated proton cell irradiation with beam 
energies between 5 and 10 MeV. 
Although the beam is produced over a broad energy spectrum, this can 
to an extent be accounted for using two permanent quadrupole 
magnets. Simulations predict a narrow energy spectrum resulting in 
the beam energy being collimated to ±100 keV. A dipole magnet later 
determines the energy of the beam before the beam passes through an 
exit window. Once the beam passes through the cell holder, allowing 
the cells to be in a single layer, perpendicular to the beam axis, 
radiochromic film is employed as a means of dosimetry directly 
behind the cells. The films are used here so as to offer absolute 
dosimetry and spatial information on the beam profile with sub-mm 
resolution to allow for localisation of the dose distribution and 
subsequent cell damage. Cell damage is analysed using the gamma-
H2AX assay. The dose is delivered in one shot thus minimising 
uncertainties regarding dose delivery inhomogeneities. 
Despite the obvious limitations in such an experiment, we present here 
the physical problems needed to be addressed in a laser-accelerated 
heavy ion cell irradiation with some possible solutions. These initial 
experiments are a biological pre-cursor necessary before clinical 
applications can start to be considered. 
Supported by DFG Cluster of Excellence: Munich-Centre for 
Advanced Photonics. 
 
POS38-08. Introduction of Education and Training of Radiation 
Using Natural Radiation Sources. Takao Kawano, National Institute 
for Fusion Science, Japan 
 
Potassium is contained in various materials. Naturally occurring 
potassium exists as three isotopes: 39K,40K, and 41K. Of these isotopes, 
only 40K is a radionuclide; it emits a 1.33-MeV beta particle as a result 
of beta decay (89%) and a 1.46-MeV gamma radiation due to electron 
capture (11%). Potassium chloride chemicals, potassic chemical 
fertilizers and kelps are the most well known of those materials, and 
are often used in educational courses for illustrating naturally existing 
radiation and radioisotopes around us. With materials containing 
naturally occurring potassium-40 radioisotopes, a method of 
fabricating radiation sources was recently developed and was applied 
to commercially available potassium chloride chemicals, potassic 
chemical fertilizers and kelps to fabricate radiation sources for 
educational use. In the present study, thus fabricated radiation sources 
were called natural radiation sources and were actually used in 
training students in a course on laboratory measurements for 
protection against exposure to radiation aimed at enabling a better 
understanding of natural radiation and radioisotopes, and the 
principles underlying protection against radiation at the National 
Institute for Fusion Science. The training given in laboratory 
measurements involved four measurements of radiation, that to 
evaluate background radiation and three to assess the dependence on 
time, distance, and shielding effects. The measurements on 
dependence were relating to principles underlying protection from 
radiation. A data sheet was prepared so that training could proceed 
smoothly. Students could bring measurements forward step by step by 
following the order on the data sheet. 
It is found that all of natural radiation sources fabricated from 
potassium chloride chemicals, potassic chemical fertilizers and kelps 
will be useful educational aids for courses on laboratory 
measurements of radiation for allowing students to easily experience 
radiation and better understand its characteristics. It was also found 
that the natural radiation sources could be handled safely and easily in 
radiation courses and that the data sheets were very important for 
carrying out measurements smoothly in practice within short periods 
of time. 
 
POS38-09. Development of a compact electron accelerator for 
radiation applications at Waseda University. Yohei Kawauchi1, Y. 
Hosaka1, T. Aoki1, K. Ogata1, R. Betto 1, T. Yamamoto1, Y. 
Yokoyama1, K. Sakaue1, M. Washio1, R. Kuroda2, S. Kashiwagi3, K. 
Ushida4, J. Urakawa5, N. Terunuma5, H. Hayano5, 1: Waseda 
University, Japan, 2: AIST, Japan, 3: Tohoku University, Japan, 4: 
RIKEN, Japan, 5: KEK, Japan 
 
At Waseda University, we have been developing a compact laser 
photocathode RF gun to generate high quality electron beam for 
application researches of radiation. The RF gun system is composed 
of BNL type S-band RF cavity with Cs-Te photocathode, a solid-state 
picosecond Nd:YLF laser to irradiate photocathode and an RF power 
source. Although our linac system is table top size (about 2m × 2.5m), 
electron beam generated from the gun has enough energy (~5MeV) 
and charge (10nC/bunch) for applied researches. As applied research, 
we have conducted a pulse radiolysis experiment based on pump-
probe method to trace initial processes of radiation chemical reactions. 
The beam to pump samples is generated from the RF gun. And the 
white pulsed light to probe samples is generated by interaction 
between laser pulse and nonlinear optical fiber. The system has about 
40ps time resolution. Other application of the RF gun is high-
brightness soft X-ray generation for observing inside the living cells 
with laser-Compton scattering. In 2005, we have succeeded in 
generating soft X-ray by the collision of single-bunch electron beam 
and single-pulse laser. To increase the X-ray intensity, we are 
developing a multiple collision system between multi-bunch electron 
beam and laser pulses. We have been also trying to generate micro-
beam for MRT (Micro-beam Radiation Therapy), which is new 
technique for cancer treatment, using bremsstrahlung X-ray or 
electron itself. In this conference, the current status and specifications 
of our electron linac system, results of application researches, and 
future prospective are presented. 
 
POS38-10. Temperature is a critical factor to determine leaf 
senescence of spinach after gamma irradiation. Jin-Hong Kim, 
M.H. Lee, Korea Atomic Energy Research Institute, South Korea 
 
Treatment of low temperature or ionizing radiation has been 
considered for maintaining post-harvest quality of flowers, vegetables, 
and fruits. The present study aimed to reveal a relation between 
different temperatures and radiation doses during post-harvest 
senescence of spinach (Spinacia oleracea L.) leaves. Leaf disks of 1.8 
cm in diameter were excised from spinach plants, which were 
purchased from a local market. Then, they were incubated for 6 d at 4, 
15, 22, or 30oC in darkness after exposure to gamma rays of 0.5, 1, 2, 
or 3 kGy for 1 h. Progress of the dark-induced leaf senescence was 
evaluated by chlorophyll fluorescence parameters and photosynthetic 
pigment contents. Photochemical efficiency, Fv/Fm, decreased 
gradually in the control and irradiated leaves at 22 and 30oC during 
the 6-d dark-incubation. The higher radiation dose or temperature 
caused the more decrease in the Fv/Fm. In contrast, the Fv/Fm was 
never or much less affected at 4 and 15oC, showing weak dependence 
on the radiation doses applied. Photosynthetic electron transport rate, 
ETR, also decreased similarly to the Fv/Fm. Total chlorophyll content 
was found to decrease with the increasing radiation dose and 
temperature, while total carotenoid content was shown to rather 
increase. In the latter case, the composition of total carotenoid was 
characterized of the higher proportion of lutein but the lower of β-
carotene. Based on the obtained data, we suggest that acceleration of 
leaf senescence depending on the radiation dose could be almost fully 
prevented by incubation at low temperatures below 15oC. 
 
POS38-11. Development of quasi-monochromatic LCS X-ray 
source for novel combination cancer radiotherapy with drug 
delivery system. Ryunosuke Kuroda1, H. Tsurushima2, K. Yamada1, 
M. Koike1, E. MIURA1, E. Yamaguchi1, 1: National Institute of 
Advanced Industrial Science and Technology (AIST), Japan, 2: 
Graduate School of Comprehensive Human Sciences, University of 
Tsukuba, Japan 
 
We have developed a quasi-monochromatic hard X-ray source via 
laser Compton scattering (LCS) for medical uses at AIST in Japan. 
The X-ray source consists of a 40-MeV S-band compact electron linac 
and a high power laser system. We are planning to apply the quasi-
monochromatic X-ray source to the novel combination cancer 
radiotherapy with the active-targeting drug delivery system (DDS). 
Our concept of the radiotherapy is proposed that the tuned quasi-
monochromatic X-ray is irradiated to the high-Z nano-particles 
delivered to tumors by the active-targeting DDS. The high-Z element, 
such as gold (Z=79), in tumors can locally enhance the dose of 
radiation like the Bragg peak curve. According to results of our 
monte-carlo simulation, the most effective X-ray energy is calculated 
to be about 40 keV. In this conference, we will describe the details of 
our radiotherapy design using the quasi-monochromatic X-ray with 
the DDS and the recent status of the X-ray source development. 
 
POS38-12. Verification of Stereotactic Proton Radiosurgery 
Targeting Accuracy in the Rat Brain Using γH2AX 
Immunofluorescence. Ying Nie, Y. Chen, R.F. Hurley, L. Abrahams, 
A. Semotiuk, G. Plesiu, I. Zubkov, A. Wroe, F. Shihadeh, K.E. 
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Schubert, R. Schulte, Radiation Medicine, School of Medicine, Loma 
Linda University, USA 
 
Purpose: We have developed a system for targeting functional areas 
in the rat brain with narrow proton beams. The system utilizes either 
the sharp lateral dose falloff of high-energy proton beams using a 
cross-fire technique with multiple shoot-through beams converging on 
the target, or the sharp distal falloff of a proton Bragg peak to 
selectively irradiate small regions in the rat brain. Verification of the 
spatial accuracy of dose-delivery is crucial for such experiments. We 
have developed and tested an immunohistochemical staining protocol 
based on the DNA double strand break (DSB) marker phosphorylated 
H2AX (γH2AX). 
Materials and Methods: Male Sprague-Dawley (8 weeks, 150-190g) 
rats were subjected to CT-guided stereotactic proton irradiation with a 
single 200 MeV proton beam, delivering a dose of 10 Gy. Thirty to 60 
minutes after proton irradiation, the rats were sacrificed and 4% 
paraformaldehyde-perfused rat brains were cryostat sectioned and 
slide mounted. Sections then underwent immunofluorescence 
detection of phosphorylated γH2AX. Radiation-induced DNA DSBs 
were detected with a confocal microscope as discrete or overlapping 
nuclear foci using specific antibodies against phosphorylated γH2AX, 
which were visualized by anti-mouse IgG Alexa Fluor 488 (green), 
while nuclei were counterstained with propidium iodide (PI, red). 
Results: A proton dose of 10 Gy resulted in multiple radiation-induced 
DSB foci in cell nuclei within the path of a single proton beam. Focal 
antibody staining of phosphorylated γH2AX demonstrated the beam 
profile in the irradiated hemisphere. 
Conclusion: Phosphorylated γH2AX identifies the small brain regions 
irradiated with focal proton beams and is thus useful for verification 
of targeting accuracy and in-vivo dosimetry for radiosurgery 
procedures in small animals.  
 
POS38-13. Quantitative Evaluation of Spatial Dose Modulation 
for Preclinical Radiobiology Studies. James Stewart, P. Lindsay, D. 
Jaffray, Princess Margaret Hospital, Canada 
 
Purpose: The recent development of dedicated irradiation platforms 
specifically designed for preclinical studies brings with it the potential 
for developing and testing the physiological efficacy of highly 
inhomogeneous dose distributions. Such systems have the ability to 
deliver highly modulated dose distributions with the precision 
necessary to determine the relative biological effectiveness of these 
dose prescriptions. The performance of a novel preclinical irradiation 
system (Xrad225Cx, Precision X-Ray, Inc., North Branford, CT) was 
evaluated in terms of its ability to deliver spatially inhomogeneous 
dose for a varying amplitude dose pattern similar to patterns 
characterized as ‗grid‘ distributions. 
Methods: The positioning stage on the preclinical irradiator was 
programmed to move between a series of individual irradiations. A 
pattern consisting of an 8x12 array of irradiations was delivered with a 
fixed 4.55 mm2nominal area circular collimator and a 9 mm distance 
between irradiation isocenters. The 96 irradiations were exposed from 
0 to 190 seconds in 2 second increments (0 to 8.25 Gy in increments 
of 8.7 cGy) at an energy of 225 kVp and current of 13 mA. Dose 
delivery was measured between two 4.9 mm thick water equivalent 
plastic slabs using Gafchromic EBT2 radiochromic film. After 
delivering the dose distribution, the films were scanned at a resolution 
of 400 DPI (~0.06 mm/pixel) for quantitative analysis. 
Results: The 96 individual irradiations were delivered with 99% of the 
radiation isocenters within 0.1 mm of the desired 9 mm spacing. Each 
irradiation was geometrically consistent, with the area at half 
maximum dose between 4.3 mm2 and 4.8 mm2 for 91 (95%) of the 
irradiations. Maximum dose varied linearly with exposure time with 
an average dose rate across all non-zero exposure time irradiations of 
2.61 +/- 0.34 Gy / min (mean +/- SD). 
Conclusion: The preliminary quantification of the delivered dose 
demonstrates the ability to precisely modulate dose distributions at the 
scale demanded by preclinical small animal irradiation studies. This 
dosimetric ability illustrates the inherent potential for studying the 
radiobiological efficacy of complex radiation delivery patterns. 
 
POS38-14. A new microbeam facility for cell-irradiation 
research. Y.C. Yu1, I. Cho2, H. Niu3, 1: Institute of Physics, 
Academia Sinica, Taiwan, 2: Department of Biomedical Engineering 
and Environmental Sciences, National Tsing Hua University, Taiwan, 
3: Nuclear Science and Technology Development Center, National 
Tsing Hua University, Taiwan 
 
A 90°-scattering cell irradiation system was installed in the NTHU 
accelerator lab. This system is capable of providing 0.8–2.5 MeV of 
proton and alpha beams with 1 mm in diameter for radiobiological 
research [1]. In previous studies, we showed that this system was 
successfully applied on DNA damage formation along the particle 
trajectory [2]. To study the single cell or partial cell irradiation 
application, a new microbeam facility was developed. This study 
employs the ICP-RIE (Inductively Coupled Plasma Reactive Ion Etch) 
method to build a micro-collimator, which was fabricated by 100 um-
thick silicon wafers with an aperture diameter of 10 um. Two pieces 
of micro-collimator were aligned and bound to each other as a double 
slit collimator. Shrinking beam spot size caused a decrease in the 
scattering solid angle and lost the exiting beam flux. Therefore, the 
scattering chamber was designed to compensate the loss of exiting 
beam flux. The system performance test was measured by using a 1.5 
MeV proton. The energy spectrum of the exiting proton was found to 
be of 78 keV FWHM energy resolution at the mean energy 1.460 
MeV. The CR-39 nuclear track detector etching study indicates that 
80 % of particles were distributed in region of 35 um in diameter. 
These results demonstrate that the beam diameter can be shrunk to the 
scale of micrometers by using the silicon-based micro-collimator. 
Certain primary measurements will be discussed. 
References 
[1] I. C. Cho, M. F. Weng, J. M. Wu, S. Y. Chiang, W. T. Chou, H. 
Niu and C. H. Hsu, A Novel Cell Irradiation System Using 90°-
scattering Technique. Nuclear Science, IEEE Transactions on 58, 95-
98 (2011). 
[2] I. C. Cho, H. Niu, C. H. Chen, Y. C. Yu and C. H. Hsu, DNA 
Double-Strand Breaks Induced along the trajectory of particles. 
Nuclear Instruments and Methods in Physics Research Section B. 
 
POS39 Radiotherapy effects 
 
POS39-01. Effects of radiotherapy on survival, comorbidity, and 
remission for elderly patients with lung and breast cancer in the 
USA. Igor Akushevich, J. Kravchenko, S. Ukraintseva, K. Arbeev, A. 
I. Yashin, Duke University, USA 
 
The effects of the radiation therapy on survival, comorbidity, and 
remission in cancer patients are not completely clear. The majority of 
cancer patients are older than 65+, therefore, the Surveillance 
Epidemiology and End Results registry data linked to Medicare could 
provide researchers with information on remission and comorbidity in 
the U.S elderly through the reconstruction of individual disease 
histories for lung and breast carcinomas and comorbid conditions. 
Since multiple factors can influence the probability of getting 
radiation therapy including severity of diagnosed cancer, comorbidity, 
age at diagnosis, and treatment other than radiation therapy, the 
propensity score technique was used to provide pseudorandomization 
in compared groups with and without radiation therapy. Four 
outcomes were analyzed: total mortality, cancer-specific mortality, 
cases of cancer in remission, and rapid increase of comorbidity. 
Information on different types of radiation therapy (i.e., beam 
radiation, radiation implants, radioisotopes, and other radiation) and 
literality of tumor/exposure (i.e., the side of paired organ where the 
tumor was located) were analyzed. For breast cancer, the beneficial 
effect of the radiation therapy on both total and cause-specific 
mortality overcame its side effects (HR=0.33 (p=<0.0001) for total 
death and HR=0.49 (p=0.0002) for breast-cancer death); these effects 
were less pronounced for lung cancer (HR=0.85 (p=0.0005) for total 
death and HR=0.90 (p=0.04) for lung-cancer death). For both tumors, 
there were no effects of radiation therapy on cancer remission rates. 
The modest effects were observed on comorbidity (including the 
effect of literality): the risk of acute coronary heart disease and stroke 
increased for lung cancer patients who received radiation therapy 
compared with those who were treated only surgically; also, the 
therapy with radiation implants and radioisotopes increased the risk of 
chronic obstructive pulmonary disease and thyroid disease/goiter in 
lung cancer patients, and risk of renal disease - in breast cancer 
patients. In summary, the radiation therapy decreased total and cancer-
specific mortality, however, affecting the comorbidity of cardio- and 
cerebrovascular, respiratory, thyroid and renal diseases in lung and 
breast cancer patients.  
 
POS39-02. Irreversible EGFR inhibitor EKB-569 targets low-
LET gamma-radiation-triggered Rel orchestration and 
potentiates cell death in squamous cell carcinoma? Natarajan 
Aravindan1, J. Veeraraghavan1, S. Aravindan1, A.S. Mohan2, J.D. 
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Balthazar1, T.S. Herman1, M. Natarajan2, 1: University of Oklahoma 
Health Sciences Center, USA, 2: University of Texas Health Science 
Center at San Antonio, USA 
 
EKB-569, an irreversible EGFR tyrosine kinase inhibitor has shown 
potential therapeutic efficiency in solid tumors. However, its 
synergistic/complementary cell-killing potential alongside 
radiotherapy, if any, and, underlying molecular orchestration remains 
to be explored. We investigated the effect of EKB-569 on radiation 
(IR) associated NFkB-dependent cell death. SCC-4 and SCC-9 cells 
exposed to IR (2Gy) with or without EKB-569 were analyzed for 
transactivation of 88 NFkB pathway molecules, NFkB DNA-binding 
activity, translation of NFkB downstream (Birc1, 2 and 5) molecules 
and cellular outcome including cytotoxicity and apoptosis. Selective 
targeting of IR-induced NFkB by EKB-569 and its influence in cell-
fate was assessed by overexpressing (p50/p65) or silencing (DIkBα) 
NFkB. QPCR profiling revealed a significant induction of 74 NFkB 
signal transduction molecules after IR, of which, 72 were suppressed 
with EKB-569. EMSA revealed a dose-dependent inhibition of NFkB 
activity after EKB-569 treatment. More importantly, EKB-569 
inhibited IR-induced NFkB in a dose-dependent manner and this 
inhibition remained consistent at least up to 72h. Immunoblotting 
revealed a significant suppression of IR-induced Birc1, 2 and 5 with 
EKB-569. We observed a dose-dependent inhibition of cell viability 
(examined by trypan blue method) increased cytotoxicity (assessed by 
MTT assay) and induction of apoptosis (Acridine orange staining) 
with EKB-569. Evidently, EKB-569 significantly conferred IR-
inhibited cell viability and increased apoptosis. Blocking NFkB 
similarly augment IR-inhibited cell death. Conversely, NFkB 
overexpressed cells exhibit complete suppression of NFkB-dependent 
cell survival upon EKB-569 treatment. Together, these data clearly 
portraits that EKB-569 in combination with IR potentiates the 
therapeutic efficiency for squamous cell carcinoma and further 
delineates that EKB-569 associated radiosensitization may involve 
selectively targeting IR-induced NFkB-dependent survival signaling. 
 
POS39-03. Radiation-induced secondary cancers from IMRT and 
CRT for head-and-neck tumours: differences in risk estimation 
and influence of risk models. Oscar Ardenfors1, D. Josefsson2, A. 
Dasu2,3, 1: Stockholm University, Sweden 2: County Council of 
Östergötland, Sweden, 3: Linköping University, Sweden 
 
Purpose: To estimate the risk of radiation-induced secondary 
malignancies from intensity modulated radiation therapy (IMRT) and 
conformal radiation therapy (CRT) for head and neck (H&N) tumours 
and to investigate the level of consistency between risk models. 
Background: IMRT has been increasingly employed for treating H&N 
tumours due to its ability to produce concave isodose levels suitable 
for the complex anatomy of the H&N region. Consequently, this 
treatment technique has led to a reduction in the rate of acute side-
effects in comparison to the more conventional CRT. However the use 
of more fields in IMRT to spread the dose outside the target to a larger 
volume has been a cause of concern from the point of view of the risk 
for secondary cancers from radiotherapy.  
Material and methods: Ten H&N patients were planned both with 
IMRT and CRT and the resulting treatment planning data was used to 
calculate the risk of radiation-induced malignancies in four relevant 
tissues: esophagus, body and left and right parotid glands. Three risk 
models with biologically relevant parameters were used for 
calculations. The influence of head scatter radiation and repeated 
imaging sessions has also been investigated. 
Results: The results showed that for each risk model the total risks 
from the two treatment techniques were small and comparable: 0.7-
1.2% for CRT and 0.6-1.2% for IMRT. The largest contributions were 
from the irradiation of the body and the esophagus. The average risk 
for the body was higher for IMRT than for CRT, while the average 
risk for the esophagus was higher using CRT. Head scatter radiation 
and repeated use of diagnostic imaging modalities had comparatively 
little contribution to the total risk.  
Conclusions: The results indicate that the redistribution of the dose 
characteristic to IMRT leads to a redistribution of the risks in 
individual tissues. Thus, exposing a larger volume of the body to 
lower doses with IMRT leads to an increase of the risk in this region, 
but the corresponding risk from the irradiation of the esophagus 
decreases. Further distinction between treatment techniques is not 
possible given the rather large uncertainties for the parameters 
available. Nevertheless, the low levels of absolute risks support the 
use of radiation therapy as a viable treatment modality for inoperable 
or advanced H&N tumours. 
 
POS39-04. Differential transcriptomic responses of normal and 
tumor brain tissues after synchrotron microbeam radiation 
therapy (MRT). Audrey Bouchet1,2,3, L. Pelletier2,3, N. Sakakini4, M. 
El Atifi2, E. Braeuer-Krisch1, G. Le Duc1, 1: ESRF, Grenoble, France, 
2: INSERM, Grenoble, France, 3: Université Joseph Fourier, Grenoble 
Institut des Neurosciences, Grenoble, France, 4: INSERM, Marseille, 
Luminy, France 
 
The aim of this study was to characterize transcriptomic responses of 
normal brain and 9L gliosarcoma tissues after synchrotron microbeam 
radiation therapy (MRT), a spatial microfractionated X rays beam. 
This unique irradiation geometry allows very high dose depositions in 
tumors (several hectogray) and has been efficient for the treatment of 
brain tumors in small animals while limiting damages of the normal 
tissue neighboring the lesion, especially on vascular network [1, 2]. 
However biological mechanisms involved in tissues response after 
micro-injury and high irradiation doses (i.e. in the path of microbeam) 
remain poorly understood. 
We have studied effects of an unidirectional 400 Gy irradiation on rats 
by 50 µm-wide microbeams , ten days after 9L gliosarcoma cell 
orthotopic implantation. MRT treatment induced a significant increase 
of median survival time (MST) compared with the control non-
irradiated group (33 versus 19 days, respectively, log rank test: 
p=0.0001). We have also characterized the transcriptomic response 
using microarrays of normal and tumor brain tissues, 6h after 
irradiation. On the 28,000 probsets analysed, almost 2,000 and 3,000 
were significantly modified, in tumor and normal tissues, respectively 
(Mann-Whitney test).  900 of these probsets common to both 
responses concern among others inflammation, apoptosis, DNA 
damages. However, the major part of the response is tissue-specific. 
To conclude, MRT significantly increases the MST of brain tumor-
bearing rats.  We have compared transcriptomic responses of normal 
and tumor brain tissues, 6h after MRT irradiation, in a syngenic 
model. The analysis of interactions between genes would allow 
defining pathways specifically activated in each tissue during response 
to MRT. 
[1] Laissue JA, Geiser G, Spanne PO, et al. Neuropathology of 
ablation of rat gliosarcomas and contiguous brain tissues using a 
microplanar beam of synchrotron-wiggler-generated X rays. Int J 
Cancer 1998;78:654-660. 
[2] Bouchet A, Lemasson B, Le Duc G, et al. Preferential effect of 
synchrotron microbeam radiation therapy on intracerebral 9L 
gliosarcoma vascular networks. Int J Radiation Oncology Biol. 
Phys. 2010;78-5:1503-12. 
  
POS39-05. Inhibiting Vasculogenesis Following Irradiation: A 
New Paradigm for Radiotherapy. Martin Brown, G. Ahn, M. Kioi, 
S. Liu, R. Alomran, Stanford University, USA 
 
There is considerable controversy as to whether the response of 
tumors to radiotherapy is determined by cell killing of the tumor cells 
or of the endothelial cells lining the blood vessels of the tumor. Much 
of this controversy can be resolved by taking into account the fact that 
there are circulating cells from the bone marrow and elsewhere that 
can reconstitute the tumor vasculature after irradiation, a process 
known as vasculogenesis. This makes the sensitivity of the vasculature 
irrelevant as it is reconstituted by unirradiated cells from outside the 
irradiation field. We have investigated the possibility that if 
vasculogenesis could be blocked tumors would be much more 
sensitive to irradiation. We have tested this hypothesis using two 
human tumors (FaDu head and neck carcinoma and U251 
glioblastoma) transplanted into nude mice and a chemically induced 
brain tumor in rats. We show that an essential contributor to 
vasculogenesis in irradiated tumors are CD11b+ myelomonocytic 
cells expressing MMP-9, that these are recruited to the irradiated 
tumors by stomal derived factor-1 (SDF-1) induced by increased 
levels of HIF-1 in the irradiated tumors. Importantly, a variety of ways 
of blocking this process (neutralizing antibodies to CD11b, inhibition 
of the interaction of SDF-1 with its two receptors CXCR4 and 
CXCR7, antibodies against CXCR4 and inhibition of HIF-1) render 
tumors much more radiosensitive.  Our data show that if 
vasculogenesis is inhibited, tumors can be permanently controlled by 
considerably lower radiation doses than needed to kill all the tumor 
cells.  
 
POS39-06. Acute Intra-tumoral Vascular Changes after Highly-
Targeted Radiation Therapy: A Novel Mechanism for Anticancer 
Efficacy? Christina Chapman, J.F. Dorsey, L.S. Jaiswal, X. Xu, G.D. 
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Kao, Department of Radiation Oncology, University of Pennsylvania, 
USA 
 
Purpose:   To investigate vascular changes induced by targeted 
radiation therapy within tumors in a mouse model system. 
Background:   Stereotactic radiation therapy (RT) has become 
standard treatment for many patients with solid malignancies, but the 
mechanism(s) underlying the demonstrated clinical efficacy remains 
unclear.  Animal models of targeted RT have been limited due the 
inability of conventional laboratory irradiators to focus radiation 
precisely to just the tumor and not nearby normal tissues.   Irradiation 
of adjacent normal tissues and organs confound interpretation of 
vascular changes within tumor.  The Small Animal Radiation 
Research Platform (SARRP) enables accurate targeted RT to tumor 
alone within animals, facilitating studies on vascular effects. 
Methods:  Human glioma cells were grown as xenografts in the flanks 
of nude/athymic mice.  The SAARP was utilized to deliver 20Gy to a 
collimated field tightly covering each tumor.  Mock-irradiated animals 
served as controls.  All mice were sacrificed 5 days after irradiation 
and the tumors fixed, sectioned, and stained for CD31 (defining 
endothelium/vasculature), phospho-histone H3 and DAPI to mark 
mitotic cells.   The number of CD31-outlined lumen-containing 
vessels and mitotic cells per low power field (LPF (100X)) was 
counted for each tumor section.  Automated nonbiased computer 
delineation of vessel area (total luminal space contained within CD31-
positive areas) was also performed.   
Results:   CD31 expression was evident in all tumors. However, while 
control tumors showed a mean number of 33 + 14 lumen-containing 
vessels per LPF, irradiated tumors showed only 2 + 1 lumen-
containing vessels per LPF.  Total luminal area measured a mean of 
2735 µm2 per LPF in control tumors versus a mean of 454 µm2 per 
LPF in irradiated tumors.    Consistent with RT inhibiting 
proliferation, control tumors showed an average of 62 + 3 mitotic cells 
versus 35 + 3 in irradiated tumors. All described differences between 
control and irradiated tumors were statistically significant (p < 0.05). 
Conclusions:   Targeted RT induces within days dramatic intratumoral 
vascular collapse, measured by two different assays.  These 
remarkable results suggest a novel anti-tumor mechanism induced by 
large single fractions of RT, potentially distinct from intracellular 
DNA damage. 
 
POS39-07. Analysis of DNA damage by g-H2AX assay in whole 
blood lymphocytes of patients with neuroendocrine tumours 
undergoing 177Lu-octreotate (LuTate) therapy. Delphine 
Denoyer1, O.A. Martin1, V. Johnston1, T. Barber1, P. Jackson1, W.M. 
Bonner2, R.J. Hicks1, 1: Peter MacCallum Cancer Centre, Australia, 2: 
National Cancer Institute, USA 
 
Ionizing radiation (IR)-induced DNA double-strand breaks (DSBs) 
can lead to cell death, genome instability and carcinogenesis. Upon 
formation of a DSB, hundreds of molecules of H2AX become 
phosphorylated and create a nuclear ―y-H2AX focus‖ attracting repair 
proteins. External IR (X-rays, y-rays)-induced y-H2AX foci are 
detectable soon after irradiation in a dose-dependent manner, with 
maximum size attained ~30 min post-IR and disappearance within 
several hrs due to repair. However, radionuclide-induced DNA 
damage kinetics can be more complex, reflecting the range of gamma 
and particulate emissions, the variable biodistribution of the agent 
within cells and at an organ level, and the time course of radiation 
delivery determined by the physical decay characteristics of the 
radioisotope. In this ongoing study, we tested y-H2AX as an in 
vivo biodosimeter after extended internal whole-body irradiation. We 
investigated the kinetics of y-H2AX foci in whole blood lymphocytes 
after radionuclide incorporation in patients with neuroendocrine 
tumours undergoing up to three 177Lu-octreotate (LuTate) therapy 
treatments. Each patient received 6-11 GBq of LuTate therapy. We 
measured y-H2AX foci at 0-72 hrs post-treatment, and correlated 
these numbers with 177Lu radioactivity clearance data in serum. Up to 
date, 10 patients underwent the therapy.  The 177Lu activity was the 
highest after administration and gradually decreased with time, 
corresponding to biexponential disappearance of the isotope from the 
organism. Approximately 90% of circulating activity in blood is 
cleared within 2 hours, primarily by renal excretion. The radiation 
absorbed dose induced excess y-H2AX foci in all patients. The foci 
numbers were higher (0.95+0.57-0.86+0.52 vs. 0.28+0.22 baseline 
values) at 0.5-4 hrs and lower (0.42+0.4–0.49+0.34) at 24-72 hrs post-
treatment, and varied significantly among the patients. Consequent 
therapy administrations introduced even more pronounced inter-
individual response variations, often with un-repaired damage at 24-
72 hrs post-treatment. Thus, y-H2AX assay can be utilized to track 
LuTate therapy effects. When combined with clinical markers 
(lymphocyte and bone marrow counts etc.), it could indicate 
individual radiosensitivity.  These data are yet to be compared with 
tumour response. 
  
POS39-08. Tumor cell repopulation in rectal cancer after 
preoperative short course of radiotherapy. Anna Gasinska1, P. 
Richter2, Z. Darasz1, J. Niemiec1, K. Malecki1, 1: Centre of Oncology, 
Krakow, Poland, 2: Department of General Surgery, Jagiellonian 
University, Poland 
 
Purpose: Inhibition of tumor proliferation rate based on 
Bromodeoxyuridine labelling index (BrdUrdLI), S-phase fraction 
(SPF) and MIB-1 labeling index (MIB-1LI) as an early rectal cancer 
response to preoperative radiotherapy (RT). 
Methods and material: One hundred and twenty-two patients qualified 
either for short RT (5 Gy/fraction/5days) and surgery about one week 
after RT (schedule I), or for short RT and 4 weeks interval before 
surgery (schedule II). Tumor samples were taken twice from each 
patient, before RT and at the time of surgery. In each sample,  the 
BrdUrdLI, SPF and MIB-1 were calculated. Early tumor response was 
assessed by biologist, pathologist and surgeons. 
Results: Fifty-six patients were treated according to schedule I and 66 
patients according to schedule II. Mean BrdUrdLI, SPF and MIB-1 LI 
before RT were 8.8 %, 21.0 % and 53.3 % and these values did not 
differ between the two compared groups. After RT, tumors showed 
statistically significant growth inhibition based on all assessed 
biological markers. As pretreatment assessed parameter was not 
predictive for early clinical and pathologic tumor response, prognostic 
role of the relative value (RV), that is the ratio of assessed parameter 
after to before RT, for each of the assessed markers, was considered. 
The ratios were calculated separately for fast and slowly proliferating 
tumors and separately for male and female patients. Fast proliferating 
tumors were more responsive. Differences with regard to sex were 
visible only in slowly proliferating tumors. Accelerated cell 
repopulation (4.8 – 28 %/day) was noticed in female slowly 
proliferating tumors about 4 weeks after RT. Only for relative MIB-1 
LI it was possible to show significant correlation with pathological 
tumor regression. Lack of such correlation for BrdUrdLI and SPF 
might reflect accelerated repopulation, particularly in slowly 
proliferating female tumors. 
Conclusions: Accelerated repopulation was noticed in female slowly 
proliferating tumors about 4 weeks after RT. 
 
POS39-09. Prostate cancer radiotherapy outcome: alpha/beta = 
1.4 (0.9–2.2) Gy from 5969 patients, and no dose-response for 
high-dose-rate brachytherapy in 1207 patients. Jolyon Hendry1, R. 
Miralbell2, S. Roberts1, E. Zubizarreta3, 1: Manchester University, 
UK, 2: Hopitaux Universitaires de Geneve, Swizerland, 3: 
International Atomic Energy Agency 
 
Objective: Multiple primary datasets have collected and analysed to 
substantiate and elucidate reports of a high sensitivity of prostate 
cancer to radiotherapy dose fractionation (low a/b ratio) regarding 
different stages of disease, the effect of androgen deprivation, and the 
dose-response for high-dose-rate brachytherapy. 
Material and Methods: Seven external-beam datasets were assembled 
from institutions worldwide. 5969 patients were treated using daily (5 
per week) dose fractions in overall treatment times of 1 to 8 weeks. 
Standard fractionation (1.8-2.0 Gy per fraction) was used for 40% of 
the patients, and hypofractionation (2.5-6.7 Gy per fraction) for the 
remainder. Low-risk patients comprised 23% of the total, 
intermediate-risk 44%, and high-risk 33%. In addition, 1207 patients 
in 6 datasets received external-beam doses (20-39 fractions of 1.8-2.0 
Gy) plus 2 to 9 high-dose-rate brachytherapy fractions over 1-7 
weeks. Direct biomathematical modelling and analysis of the primary 
data for tumour control at 5 years was undertaken, using the Phoenix 
criterion of biochemical relapse-free survival (bRFS). 
Results and Conclusions: With external beam alone, there was an 
expected tendency for a decrease in bRFS as the risk group increased 
from low to intermediate to high. The values of α/β for the 3 risk 
groups were not significantly different from that for the pooled data of 
1.4 (95% CI: 0.9-2.2) Gy, and they were within the low range 
generally reported for prostate cancer. Androgen deprivation 
improved the b-RFS by about 5% for all risk groups, but it did not 
affect the α/β value. The brachytherapy data showed no clear dose-
response, which was inconsistent with predictions from the external 
beam data. Hence, confounding factors possibly associated with 
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dosimetric uncertainties are implicated in the response to the 
brachytherapy. The confirmed low α/β value favours the use of 
hypofractionated radiotherapy schedules for all risk groups, which is 
also very beneficial logistically in limited-resource settings. 
 
POS39-10. Ascorbic Acid Enhanced Apoptosis of Human 
Leukemia HL60 Cells on Radiation. Yoichiro Hosokawa, S. 
Monzen, I. Kashiwakura, Hirosaki University and Graduate School of 
Health Sciences, Japan 
 
This study was conducted to examine the combined use of ascorbic 
acid (ASA) and radiation to examine clinical applications. We 
investigated cell survival, DNA fragmentation, and caspase activation 
by X-ray radiation and ASA in human leukemia HL60 cells. The 
number of living cells decreased with X-ray irradiation treatment 
combined with ASA (2 Gy + 5 mM) in comparison with X-ray 
irradiation (2 Gy) or ASA (5 mM) alone. In the cells treated with X-
ray irradiation combined with the use of ASA, more DNA 
fragmentation was observed compared to X-ray irradiation alone. 
Caspase-3, caspase-8, and caspase-9 were highly activated following 
X-ray irradiation and ASA treatment, but caspase-8 activity was not 
markedly increased after X-ray irradiation alone. The levels of Bax in 
the mitochondrial membrane fraction were observed after treatment 
with ASA and after X-ray irradiation and ASA together. However, 
there was no apparent increase in Bax levels after X-ray irradiation 
treatment alone. As mentioned above, this study confirmed that 
supplementing X-ray irradiation with ASA treatment results in 
increased apoptosis in HL60 cells. When considering the apoptosis-
inducing factors, we hypothesized that Bax and caspase-8 were 
activated after treatment with X-ray irradiation and ASA compared to 
either treatment alone. 
 
POS39-11. The effect of environmental pO2 and pH on the 
radiosensitivity of endothelial cells. So Ra Kim, E. Kim, W. Ji, 
Seoul National University, South Korea 
 
Purpose: The microbeam radiation therapy (MRT) protocol has been 
proven to improve the therapeutic effect in brain tumor treatment by 
employing a radiation beam under spatial fractionation in micron scale 
instead of the conventional broad beam in millimeter scale. The 
improvement has been attributed mainly to the better sparing of 
normal tissue with the fractionated beam than with the broad beam. 
The biological mechanism for the beneficial response of normal tissue 
to the fractionated beam is still to be better understood. Yet, the 
greater repair efficiency of microvessels after being damaged from 
radiation exposure in normal tissue than in tumor seems to be 
responsible for the better sparing of normal tissue. In this study, we 
investigated whether the vascular endothelial cells are different in 
radiosensitivity in normal tissue from in tumoral tissue. The normoxic 
and slightly alkaline cell culture medium was employed to simulate 
the microenvironment of normal tissue whereas the hypoxic cell 
culture medium was made up to simulate the tumor 
microenvironment. 
Methods and Materials: The hypoxic culture medium was prepared in 
a hypoxia chamber (MIC-101) via the flow of 20% CO2 and 80% 
N2 gas mixture. The hypoxia of culture medium was ensured through 
the measurement of oxygen concentration in the medium by 
employing the oxygen-dependent phosphorescence quenching method 
with Oxyphor G2 (Oxygen Enterprises). The pH of culture medium 
was read at around 7. The normoxic and alkaline condition of culture 
medium was maintained in the incubator supplemented with 5% C02. 
Mouse endothelial cells or MECs (ATCC, CRL-2161) were irradiated 
both in normoxic culture medium and in hypoxic culture medium. 
With the culture medium for rat gliosarcoma cells (ATCC, CRL-
2200), on the other hand, the hypoxia was maintained. The irradiation 
was performed with 450 kV X-rays at a dose rate of 5Gy/min. The 
response of cells to radiation exposure was assessed via the colony 
formation assay over several days of incubation of the cells under the 
same microenvironment as at the radiation exposure. 
Results: Low pO2 resulted in the reduced pH value of cell culture 
medium. MECs were less radiosensitive in normoxic culture medium 
than in hypoxic culture medium. In hypoxic culture media, MECs 
were highly sensitive to radiation exposure as compared to rat 
gliosarcoma cells. 
Conclusions: In MRT, the highly radio-resistant gliosarcoma cells 
would be controlled mainly via damage to the microvessels in tumoral 
environment. Normal tissue would be better spared after radiation 
exposure due to less damage to the microvessels in normoxic 
environment. 
 
POS39-12. Influence of Fractionated Irradiation and Non-
Uniform Beam Intensity on the Therapeutic Effect of Gliosarcoma 
and Hepatoma Treatment. Eun Hee Kim, M. Lee, Seoul National 
University, South Korea 
 
Purpose: In the conventional radiotherapy employing the fractionated 
irradiation method, dose is delivered daily for several weeks. The 
fractionated irradiation is expected to provide normal cells a chance to 
recover from any damage that would occur during the irradiation 
targeting tumor cells. The chance, however, may not be taken only by 
normal cells but also by the targeted tumor cells. In this study, we 
investigated the optimal period in fractionated irradiation for 
gliocarcoma and hepatoma treatment. We also examined whether the 
non-uniform beam intensity during each fractional irradiation would 
bring any change in radiosensitivity to tumoral and normal cells and 
thus improve or diminish the therapeutic effect. 
Methods: The flow cytometric profiles were obtained from 
unsynchronized gliosarcoma cells (ATCC, CRL-2200), normal 
diencephalon cells (ATCC, CRL-2005), hepatoma cells (ATCC, CRL-
1830) and normal liver cells (ATCC, CRL-1638) at different time 
points after a single radiation exposure at 2 Gy. The cell fraction at 
G2/M phase was recorded as a function of elapsed time after radiation 
exposure. On the other hand, the radiosensitivity has been examined in 
terms of clonogenic survival at different radiation dose levels for all 
four cell lines. Each curve was approximated to the linear-quadratic 
function S = exp[-(aD+bD2)] with different values of a and b. The cell 
irradiation was performed with 200 kV bremsstrahlung X-rays at a 
dose rate of 1 Gy/min. Fractionated irradiation at 2 Gy/fraction was 
performed by having the elapsed time for the maximum G2 
accumulation of cells after irradiation as the time interval between 
irradiations. The non-uniform beam intensity during each fractional 
irradiation was designe in a triangle or in a V-shape.  
Results: The cell accumulation at G2/M phase was indicated at 6 hrs 
after 2 Gy of radiation exposure with hepatoma cells whereas no 
significant increase of the G2/M-phase cells was observed with 
normal liver cells. The same as the normal liver cells occurred to 9L 
gliosarcoma cells and normal diencephalon cells. The hepatoma cells 
and the normal liver cells shared a quite the same a/b ratio. The 
diencephalon cells, on the other hand, gave the a/b ratio at around 5, 
which is compared to the value of around 12 for the 9L gliosarcoma 
cells. The fractionated irradiation at 6-hr time interval better saved the 
normal liver cells as compared to the single-dose irradiation. The 
hepatoma cells, however, gained no benefit in clonogenic surviving 
from the fractionated irradiation. The V-shape of beam intensity 
control during each fractional irradiation led to a slight increase in 
clonogenic survival of normal diencephalon cells while brining a 
negligible change to 9L gliosarcoma cells. 
Conclusion: There exists a chance for the improvement of therapeutic 
effect in radiation treatment of hepatoma and brain tumor. The 
optimization of time interval between fractional irradiations would 
work for hepatoma treatment. Also, the V-shape of beam intensity 
control during each fractional irradiation would be beneficial to the 
sparing of normal brain cells while maintaining the brain tumor 
control. 
 
POS39-13. Clinical Results of Definitive Chemo-radiotherapy for 
T4 Esophageal Cancer according to the 7th TNM classification 
(UICC 2009). Ryuta Koike, Kinki University School of Medicine, 
Japan 
 
Purpose: In the new UICC TNM classification (7th, 2009), N-
classification was changed from N0,1 to N0-3 according to the 
number of metastatic lymph nodes. Clinical results of definitive 
chemoradiotherapy (CRT) for T4 esophageal cancer restaged 
according to the 2009 TNM staging system were reviewed. 
Patients and Method: From 1998 to June, 2010, 104 consecutive 
patients with T4 esophageal cancer (M/F: 81/23; median age: 64, 
range: 38-82) were treated with definitive CRT at our hospital. 
Twenty-six tumors were located at Ce, 26 at Ut, 43 at Mt, 9 at Lt. 
Except for one tumor with adenocarcinoma and squamous cell 
carcinoma, 103 tumors were squamous cell carcinoma. According to 
the 2009 TNM staging system, 8 tumors were T4a and 96 T4b.  N-
factor was 9 N0, 31 N1, 32 N2, 32 N3, and 32 patient had cervical 
lymph nodes metastasis (M1, Stage IV). Two courses of concurrent 
chemotherapy (CT) were combined with RT of 60 Gy/30 fractions/7 
weeks (one week split at the 4th week). For 68 patients, low-dose 
protracted infusion CT of cisplatin 7 mg/m2 x 10 days and 5-FU 250-
300 mg/m2 x 14 days were given, while full-dose CT of cisplatin 70 
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mg/m2 x 1 day and 5-FU 700 mg/m2 x 5 days was given for 36 
patients. After CRT, 1-2 courses of adjuvant CT of cisplatin/5-FU 
were given for 44 patients. 
Results: A full dose of 60 Gy could be delivered for 101 patients 
(97%), 3 patients terminated RT at 50Gy/25Fr. 2 courses of planned 
CT could be combined concurrently with RT for 84 patients (81%). 
Median survival time (MST) for all the 104 patients was 13.0 months, 
and the 2- and 5-year overall survival rates(OSR) were 32% and 21%, 
respectively. MSTs and the 2-year overall survival rates for stage IIIC 
were 84months and 53% for T4N0M0, 13.5 months and 37% for 
T1N1M0, 13.0months and 35% for T4N2M0, 12.0 months and 20% 
for T4N3M0. The MST and 2-year OSR were 14.5months and 36% 
for stage IIIC, while those for T4NxM1 (stage IV) were 9.5 months 
and 23%, respectively, with marginal significance (M0 vs M1, 
p=0.0532). 
Conclusions: In CRT for T4 esophageal cancer, number and site of 
lymph node metastases affect OSR. Patients with N0 disease showed 
the best 2-year OSR of 53%, while those with N3 and/or stage IV 
disease (neck lymph nodes metastases) showed the worst 2-year OSR 
of approximately 20%. The 2-year OSRs for patients with N1 or N2 
disease were approximately 35%. 
  
POS39-14. A Novel Animal Model Using Stereotactic 
Radiosurgery to Differentiate Radiation Necrosis from Glioma 
Recurrence. Sanath Kumar, R. Jain, A.S. Arbab, S. Brown, Henry 
Ford Hosipital, USA 
 
Purpose: Distinguishing between tumor progression and radiation 
necrosis after treatment in patients with brain tumors presents a 
clinical dilemma. There is a lack of experimental models of radiation-
induced necrosis in rodents. Investigators have used dedicated and 
expensive irradiators to create an animal model of radiation necrosis. 
No studies have been reported on the use of clinical irradiators in 
developing a model of radiation necrosis in tumor bearing animals. 
The objective of this study was to create focal radiation necrosis in rat 
brain bearing human glioma using stereotactic radiosurgery and 
confirm it by immuno-histological analysis. 
Materials/Methods: Nude rats implanted with primary glioblastoma 
cells were irradiated using a stereotactic setup (n=3) or received no 
radiation (n=3). Eight weeks after implantation, growth of the tumors 
was confirmed by magnetic resonance imaging (MRI). For each 
animal contrast enhanced CT images of 1mm slice thickness were 
obtained and transferred to Brain Lab Novalis treatment planning 
system (BrainLab, Feldkirchen, Germany). MR images was acquired 
from the same animal, transferred to the planning workstation, and 
fused with the CT data using image fusion software. The tumor was 
identified and delineated using the fused CT/MRI images. A 
radiotherapy plan was generated using a 4mm radiosurgery cone such 
that one portion of the tumor receives 100% dose of 75Gy sufficient to 
cause necrosis, whereas the tumor edge at depth receives only 50% or 
less dose, allowing for regrowth of the tumor. The brains were 
collected 10 weeks after irradiation and immune-histological analysis 
was performed. 
Results: H&E staining showed central liquefaction necrosis in the 
high dose region consistent with radiation necrosis and viable tumor in 
the peripheral low dose region. Both PCNA and Ki-67 staining 
showed highly proliferative tumor cells surrounding the necrotic parts 
of the tumor. No necrosis was observed in control tumors. 
Conclusions: We have developed a novel animal model of radiation 
necrosis using human gliomas in rat brain using stereotactic 
radiosurgery. Our long-term goal is to use the model to differentiate 
radiation necrosis from tumor recurrence by using non-invasive 
imaging parameters obtained using dynamic contrast enhanced CT 
and MRI. 
 
POS39-15. Evaluation of Premature Senescence for Single and 
Fractionated Irradiation in vivo and in vitro. Jae-Seon Lee1, B.C. 
Kim1, H.J. Yoo1, S. Park1, Y. Ji1, Y. Lee2, 1: Korea Institute of 
Radiological and Medical Sciences, South Korea, 2: College of 
Pharmacy and Division of Life Science and Pharmaceuticals, Ewha 
Womans University, South Korea 
 
Radiotherapy is one of the best therapeutic strategies for cancer 
treatment. The cellular response to ionizing radiation (IR) is varied 
ranging from senescence to apoptosis. Recently, it has been reported 
that the induction of premature senescence could be a promising 
strategy of cancer treatment. The aim of this study was to elucidate 
whether the premature senescence could be contributed to the outcome 
of radiotherapy in vivo and in vitro. Either cultured human cancer cell 
lines or xenografted mice were exposed to single radiation (2, 6, or 12 
Gy; SR) or fractionated radiation (3 x 2 Gy or 6 x 2 Gy; FR) of IR. 
Induction of premature senescence was assessed using variety of 
senescence-associated biomarkers including senescence-associated β-
galactosidase activity (SA-β-Gal), eukaryotic translation elongation 
factors (eEF1A1, eEF1B2), cathepsin D (CD), decoy receptor 2 
(DcR2), and DEC1. We found that both SR and FR treatment 
effectively induced premature senescence in H460 and MCF7 cancer 
cell lines and tumor tissues of xenografted mice in a total dose-
dependent manner. And then, exposure to either SR or FR decreased 
tumor size of xenografted mice with similar efficiency when applied 
total dose was same. Our data proved that premature senescence could 
be one of the major anti-cancer mechanisms, which were induced due 
to conventional FR exposure. We suggest that further understanding 
of premature senescence mechanism could provide more effective 
clinical strategy for the radiotherapy. 
 
POS39-16. Caspase 3-mediated stimulation of tumor cell 
repopulation during cancer radiotherapy. Chuan-Yuan Li, 
University of Colorado, USA 
 
In cancer treatment, apoptosis is a well-recognized cell death 
mechanism through which cytotoxic agents kill tumor cells.  Here we 
report that dying tumor cells use the apoptotic process to generate 
potent growth-stimulating signals to stimulate the repopulation of 
tumors undergoing radiotherapy. Surprisingly, activated caspase 3, a 
key executioner of apoptosis, plays key roles in the growth 
stimulation. One downstream effector that caspase 3 regulates is 
prostaglandin E2, which can potently stimulates growth of surviving 
tumor cells. Deficiency of caspase 3 either in tumor cells or in tumor 
stroma caused significant tumor sensitivity to radiotherapy in 
xenograft or mouse tumors. In human cancer patients, higher levels of 
activated caspase 3 in tumor tissues are correlated with significantly 
increased rate of recurrence and deaths.  We propose the existence of a 
―Phoenix Rising‖ pathway of cell death-induced tumor repopulation in 
which caspase 3 plays key roles. 
 
POS39-17. The Impact of Repeat Stereotactic Radiosurgery on 
The Management of Brain Metastasis with Maintaining Brain 
Function. Yasushi Mariya1, G. Sekizawa1, Y. Matsuoka1, I. 
Kashiwakura2, 1: Iwate Prefectural Central Hospital, Japan, 2: 
Hirosaki University Graduate School of Health Sciences, Japan 
 
To control tumor with maintaining brain function is regarded as 
important in the recent radiotherapy against brain metastases. From 
this viewpoint, we investigated the utility of repeat stereotactic 
radiosurgery (RSRS), assisted with a careful monitoring by MRI, in 
the management of brain metastases from various types of 
malignancies. Between 2004 and 2011, 37 patients harboring brain 
metastasis received RSRS using linear accelerator. There were 21 men 
and 16 women, and the median age was 66 (range, 49-79). The 
number of patients with baseline performance status 0, 1, 2 and 3 was 
18, 13, 5 and 1, respectively. Site distribution for the primary included 
the following: lung 27, breast 6, rectum 2, thyroid 1 and vulva 1. The 
total number of RSRS sessions ranged from 2 to 5. The total number 
of target lesions in one patient ranged from 1 to 6, which showed that 
RSRS to the same site was performed in a part of patients. The 
number of patients with active extracranial disease (AECD), including 
previously untreated stage IV disease, and that without AECD was 25 
and 12, respectively. The 2- and 5-year overall survival rates were 
72% and 46%, respectively, and the median survival time was 50 
months. There were 14 long term survivors, who survived more than 2 
years. Cause of death was as follows: 8 extracranial disease 
progression and 1 progressed brain metastases. Neurological decline, 
which was defined according to the criteria by Bhatnagar et al. (2002), 
based on the serial change of 3 neurological symptoms: seizures, focal 
deficits, and headaches due to uncontrolled brain lesions, was 
identified in 11 of 37. The remaining 26 (70%) patients did not show 
neurological decline. Further, for 15 patients, neurocognitive function 
was examined using the revised version of Hasegawa‘s dementia scale 
(HDS-R; Katou et al.1991). The most recent HDS-R scores of the 
patients revealed that 13 of 15 (87%) were not associated with 
impaired neurocognition. In conclusion, RSRS can be offered as a 
preferred option to manage brain metastases from various types of 
malignancies, leading to a long survival with a relatively well 
preserved brain function. 
 
POS39-18. In vitro investigation of the dose-rate effect on the 
biological effectiveness of megavoltage X-ray radiation doses. 
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Sianne Oktaria1,2,3, S. Corde1,4, M. Lerch1, A. Rosenfeld1, M. Tehei2,3,5, 
1: Centre for Medical Radiation Physics, University of Wollongong, 
NSW, Australia, 2: Centre for Medical Bioscience, University of 
Wollongong, NSW, Australia, 3: Illawarra Health and Medical 
Research Institute, Wollongong, NSW, Australia, 4: Department of 
Radiation Oncology, Prince of Wales Hospital, Randwick, NSW, 
Australia, 5: School of Chemistry, University of Wollongong, NSW, 
Australia 
  
Modern external radiation therapy technologies enable delivery of X-
ray with higher dose-rate to allow quicker treatment times for patients 
treated with highly complex fluence-modulated techniques (e.g 
intensity modulated radiation therapy or volumetric modulated arc 
therapy). Conventional 3D conformational technique still being 
delivered with these linear accelerators, it is important to study dose-
rate effects on the biological effectiveness of the delivered physical 
radiation doses. 
We examined in vitro the response of the radiosensitive human breast 
carcinoma MCF-7 and the radioresistant rat gliosarcoma 9L cell lines 
after single exposure to 10MV X-rays radiation doses up to 8 Gy, 
delivered at low dose-rate (LDR), 0.5Gy/min compared to 10-fold 
higher dose-rate (HDR), 5Gy/min. The biological effects of the 
radiation were then assessed by colony-forming assay and survival 
curves fitted with the linear quadratic model analyzed. 
We observed that the two cell lines exhibit different biological 
response with dose-rate variation, with LDR irradiation resulting in 
decreased clonogenic survival of MCF-7 compared to HDR irradiation 
whereas 9L cell line did not demonstrate any noticeable dose-rate 
effect. 
Thus, the preliminary results of this study support the concept that 
different tumor cell lines have different sensitivities to the radiation 
dose-rate, depending on their relative radioresistance. The traditional 
key characteristic of the dose-rate effect, which is the biological effect 
of the radiation is decreased as the dose-rate is lowered, is inversed in 
this study with LDR irradiation can be as effective as HDR irradiation 
or more in tumor cell killing. 
 
POS39-19. Differential effect of whole tumor or spatially 
fractionated single dose radiotherapy of murine breast tumor on 
myeloid cells and cytokines in peripheral blood. Beata Przybyla, S. 
Sharma, J. Penagaricano, J. Webber, N. Koonce, P. Corry, E.G. 
Moros, R.J. Griffin, University of Arkansas for Medical Sciences, 
Department of Radiation Oncology, USA 
 
Purpose. Spatially fractionated single dose radiotherapy 
(GRID)   increases tumor control and therapy outcomes in clinic. Yet 
systemic and local molecular changes associated with this therapy are 
not fully defined. The goal of the presented study was to evaluate the 
level of leukocytes (CD8+, CD4+ and CD11b+) and level of 9 
cytokines in peripheral blood at 8 h post-GRID therapy with a single 
dose of 20 Gy and compared to 20 Gy  whole tumor radiotherapy in 
mice model of breast cancer. 
Experimental procedures. SCK murine breast tumors were grown in 
A/J mice. An average volume of treated tumors was 132 mm3. During 
the spatially fractionated therapy the 20Gy peak dose was delivered, 
using an integrated robotic-based irradiation system for small animal 
research housed in our department. The GRID pattern consisted of an 
array of 7 parallel beams of 1 mm in diameter. Whole tumor therapy 
was performed using a cabinet X-ray system where 20 Gy was 
delivered over 22.7 minutes. Blood was collected 8 hours after 
radiation. Populations of leukocytes and cytokines were compared 
among 3 groups: no treatment, GRID and whole tumor radiation. Flow 
cytometry was used to evaluate levels of CD8+, CD4+ and CD11b+ 
leukocytes cytokine levels were measured using an antibody 9-plex 
array.  
Results. Eight hours after spatially fractionated single dose 
radiotherapy (20 Gy) there were 3 times more CD11b cells in the 
leukocytes population in circulation than in a group treated with whole 
tumor 20 Gy radiotherapy.  GRID therapy was also associated with a 
significant   decrease of the chemokine RANTES level in peripheral 
blood as compared with no treatment control. 
Conclusion. Inhibition of RANTES, a known factor involved in tumor 
progression, may be an important benefit of the GRID therapy. A role 
of early increase of CD11b in circulation following GRID therapy is 
not clear. Since CD11b+ cells can participate in antigen presentation, 
it is conceivable that CD11b may enhance innate immunity and in 
consequence lead to improvement of long-term anti-tumor 
immunity.  Further studies are needed to define important effects of 
GRID therapy on enhancement of antitumor immunity and potential 
involvement of myeloid cells. 
 
POS39-20. 1H NMR spectra mobile lipid signals and proliferative 
status of C6 glioma cells after X-ray irradiation. Waldemar 
Przybyszewski1, Ł. Matulewicz1, A. Cichoń1, M. Sokół1, M. Głowala-
Kosińska1, M. Gibas2, 1: Maria Skłodowska-Curie Memorial Cancer 
Center and Institute of Oncology, Gliwice Branch, Poland, 2: Silesian 
University of Technology, Gliwice, Poland 
 
The appearance of mobile lipid (ML) signals in 1H NMR spectra have 
been associated with numerouscellular effects including cell 
proliferation or apoptosis. Despite of ionizing radiation is widely used 
in cancer therapy, a little information on the application of 1H NMR to 
irradiated cells in vitro have been known. The aim of our study was to 
investigate the biochemical response of living model of glioma 
C6  cell line to X-ray irradiation. The rat C6 glioma cells were 
routinely maintained as a monolayer culture in DMEM, supplemented 
with 12% fetal bovine serum. Irradiation was performed at room 
temperature with photons X generated by a linear Clinac-600C/D 
accelerator (Varian). C6 glioma cell cultures received a one-time dose 
of 3.8 Gy (D0, 37% clonogenic survival dose at a dose rate of 8.8 
Gy/min) Metabolic activity of the cells was determined using MTS 
(CellTiter 96® AQueous One Solution Cell Proliferation Assay. 
Distribution of cell cycle population was analysed by flow cytometry 
on a FACS Canto. The high resolution one-dimensional 1H NMR 
spectra were acquired using a Varian Inova-300 multinuclear pulsed 
NMR spectrometer operating at the 1H resonance frequency of 300 
MHz (parameters for NMR experiments: pulse 45°, spectral window = 
4000 Hz; single acquisition time = 3.744 s; d1 = 2s, number of 
repetitions = 400). For every time point (control, 24 h, 48 h, 72 h, 96 
h) six independent measurements were performed. No statistical 
difference in viability percentage between irradiated cells incubated 
with different period of time was observed (p > 0.62). The percentage 
of cells at G1, G2/M and S stage was similar for both irradiated and 
not irradiated cells respectively. Our experiments showed CH2/CH3 
lipids ratio increase after irradiation without no evident later stages of 
apoptosis indicating DNA damage quantified using flow cytometry. It 
seems particularly interesting that, despite not evidently detected 
apoptosis, the cells reveal changes in lipid conformation observed by 
NMR technique. A significant increase in the CH2 resonance peak was 
observed in C6 cells exposed to 3.8 Gy after 24 h – 96 h incubation 
while the CH3 resonance peak remained unchanged. Our data suggest 
that increase in CH2/CH3 lipid ratio in C6 cells may not be 
specifically correlated with cell death or proliferation status but rather 
with modifications of cell lipid mobility after irradiation. 
  
POS39-21. Effect of dose rate on response of cells irradiated 
during radiotherapy. Jacek Rogoliński, M. Konopacka, K. Ślosarek,  
A. Rusin, Maria Skłodowska-Curie Memorial Cancer Center and 
Institute of Oncology, Gliwice Branch, Poland 
 
Introduction: Cancer radiotherapy regimens use radiation of varying 
dose rates. At the MSC Memorial Cancer Center in Gliwice a 
commonly used dose rate is 3 Gy/min (under standard conditions). 
New irradiation techniques use different dose rates; for example 
rotational techniques with dynamic change of irradiation field 
generates beam rates of 600 MU/min. Cellular response depends not 
only on the magnitude of adsorbed dose but also on dose rate, its 
fractionation, positioning of cells with respect to irradiation field, etc. 
It has been demonstrated that for low dose rates (below 1 Gy/ min) 
biological response of cells is closely linked to dose rate whereas it 
has not been sufficiently investigated in case of high dose rates. 
Aim: To compare biological responses of cells to a 5 Gy dose 
delivered at two different rates: 100 and 600 MU/min. 
Methods: The study was carried out using several cancer cell lines and 
one normal line (BEAS-2B). As a radiation source Cliniac 2300 
accelerator was used, delivering photon radiation (6 and 20 MV). 5 
Gy dose was used (at 100 and 600 MU/min dose rate); cells were 
placed in a water phantom at two depths (3 or 15 cm), either within or 
outside of the irradiation field. Biological damage was assessed as: 
micronuclei frequency, apoptosis induction, cell survival, and cell 
senescence. 
Results: Significant differences were observed in biological response 
of cells to varying irradiation conditions. Dose rate: The radiation, at 
the same dose, when delivered at a lower dose rate, induces a higher 
degree of biological damage than radiation of greater dose rate. This 
relationship is observed only within the beam field. Depth: At a 
greater depth more cytogenetic damage is observed for the same dose 
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as compared to smaller depths. Positioning with respect to the 
radiation beam: Cells placed outside of the irradiation field are 
damaged to the same extent irrespective of depth and dose rate. Type 
of cells: These observations pertain to neoplastic and normal cell 
types. 
Conclusions: It was found that biological response of cells depends on 
dose rate of radiation used in cancer radiotherapy. Since dose rates 
other than 3 Gy/ min. are more and more commonly used the 
explanation of the observed relationships becomes justified. The 
observations presented herein can be used in the future for 
radiotherapy planning. 
 
POS39-22. True Beam‘ high dose rate flattening-filter-free 
fractionated irradiation on human cancer cell lines? Peter Sminia1, 
J. van den Berg1, B.J. Slotman2, W.F.A.R. Verbakel2, 1: Department 
of Radiation Oncology, Section of Radiobiology, VU University 
Medical Center, Netherlands 2: Department of Radiation Oncology 
VU University Medical Center 
 
Purpose: New external beam precision irradiation techniques have 
prompted the discussion about radiobiological effects of high and 
ultra-high dose-rates. With flattening-filter-free beams, the average 
dose rate is increased by a factor of 1.5 to 4 relative to irradiation 
using flattened beams. In the present study, clonogenic cell survival 
was determined following single doses and fractionated irradiation 
using both flattened and flattening filter free beams. 
Materials and methods: The human astrocytoma cell line D384 and 
the human lung carcinoma cell line SW1573 were either irradiated at 
single dose (0 – 8 Gy) or in a fractionated protocol (5 daily fractions 
of 2 resp. 3 Gy). Cells were irradiated with a homogeneous dose 
distribution created by means of a sliding window multi leaf 
collimator technique of a single posterior field using (1) flattened 
beam (6 MV, 600 Monitor Units/min.) and (2) flattening-filter-free 
beam (True Beam, Varian Medical Systems) (10 MV, 2400 Monitor 
Units/min.).  
Cell survival was determined by clonogenic assay. In addition, in the 
fractionated irradiation set-up, the number of clonogenic cells was 
estimated by including tumor cell proliferation during the 4 days 
overall treatment time in the analysis.   
Results: Equal cell survival was found following irradiation, either 
using the flattening-filter-free 10 MV beam with high dose rate or the 
flattened 6 MV beam. This was observed after single dose exposure (0 
– 8 Gy) as well as after fractionated irradiation with five daily 2 Gy 
(D384 cells) or 3 Gy (SW1573 cells) fractions. With the fractionation 
set-up, a difference in fraction size as small as 0.05 Gy, i.e. a dose 
deviation of 2.5%, could be discriminated using the number of 
clonogenic cells as endpoint. 
Conclusion: Two human cancer cell lines showed no difference in cell 
survival following fractionated irradiation with flattened beams or 
flattening-filter-free beams at an approximately four times higher 
average dose rate.  
 
POS39-23. Fractionated-radiation enhances mesenchymal 
transformation of glioma cells via Nitric Oxide synthesis. 
Yongjoon Suh1, R. Kim1, C. Yoon1, K. Yoo1, E. Lim1, G. Lee1, Y. 
Ha1, M. Kim2, S. Lee1, 1: Hanyang University, South Korea, 2: Korea 
Atomic Energy Research Institute, South Korea 
 
The major limitations of glioma treatment are the prevalence of 
recurrence after surgery and radiotherapy, infiltration into surrounding 
regions, and intrinsic or acquired resistance to chemo- and 
radiotherapy. However, the mechanisms by which glioma relapse after 
treatment and diffuse to other regions of brain remain unknown. In 
this study, we observed that fractionated radiation, commonly adapted 
for treatment of cancers, increases malignant properties of glioma 
cells. Also, we investigated the mechanisms by which glioma cells 
acquire malignant properties such as migration and invasion by 
exposure to ionizing radiation. When U87 and U373 glioma cells were 
exposed to gamma-irradiation (3 x 2 Gy), their migration and invasion 
behavior were increased, compared to non-irradiated cells. Moreover, 
Snail and Slug transcription factors, known as repressors of 
mesenchymal transformation were decreased in glioma cells by 
fractionated radiation. Notably, fractionated radiation induced Nitric 
Oxide (NO) synthesis in glioma cells and ablation of NO by treatment 
with small interfering RNA or inhibitor targeted to NO synthase 
decreased radiation-induced mesenchymal transformation. Taken 
together, our study suggests that radiotherapy could induce NO 
synthesis, a critical regulator for glioma malignancy. Radiotherapy 
accompanying with targeting to NO synthesis may lead to more 
effective glioma treatment. 
 
POS39-24. Prostate Cancer Cell Elimination under Various 
Radiation Treatment Options: A Computational Study. Paul Todd, 
Techshot, Inc., USA 
 
Men with localized cancer of the prostate (stage T1c) have access to 
an abundance of treatment options including several modes of 
radiation therapy including conventional teletherapy, intensity 
modulated teletherapy (IMRT), proton therapy, permanent implant 
brachytherapy and high dose-rate brachytherapy.  In vitro cancer cell 
survival data were applied to a typical prescription in each case, and 
final cell survival was calculated using the Payne-Garrett formalism, 
namely -ℓnS = CD + AR2t2[-1 + (D/Rt) + exp(-D/Rt)] 
where S = tumor cell surviving fraction, D = absorbed prescription 
dose or dose fraction in Gy, R = instantaneous dose rate in Gy/min, t = 
time to deliver dose or dose fraction D, t =sublethal damage recovery 
mean time, 69 min for the in vitro cells, C = coefficient for single-
event cell killing, 0.223 Gy-1 for photons, 0.36 Gy-1 for protons, and A 
= coefficient for sublethal damage induction, 0.060 Gy-2 for photons 
and 0.042 Gy-2 for protons. Cell multiplication during the irradiation 
period was assumed negligible. The following table lists for each 
modality studied, a typical dose prescription, the calculated tumor cell 
survival values, and estimated number of surviving tumor cells based 










PHOTONS 74 2 Gy/day x 37 7.2 x10-10 0.7 
IMRT 3D- CRT 
IGRT 
86.4 1.8 Gy/day x48 1.5 x10-9 1.5 
PROTONS 79.2 1.8 Gy x 44 1.7 x10-14 0.00002 
BRACHY-
THERAPY 
124 17-d half-life 7.3 x10-11 0.07 
HDR BRACHY 43.5 7.25 Gy x 6 2.2 x 10-8 22 
These predictions may hold implications for current trends in prostate 
cancer treatment, such as hypofractionation and combined modalities. 
Research supported by USPHS and DOE. Participation of Carter 
Schroy, Paul Furcinitti, Harvel Wright, Adolf Wainson, Andreas 
Koehler, John Little, and Michael Goitein is acknowledged. 
 
POS39-25. Local effect of three-dimensional conformal 
radiotherapy for patients with hepatocellular carcinoma. Koh 
Tsuji1, M. Kawaguchi1, T. Tanaka1, H. Tanihata2, 1: Minami 
Wakayama Medical Center, Japan, 2: Kishiwada Tokushukai 
Hospital, Japan 
 
Purpose: Though transarterial chemoembolization (TACE) is effective 
treatment modality for hepatocellular carcinoma (HCC), we frequently 
experience local recurrence or ineffective cases. It is also sometimes 
difficult to treat HCC by TACE for some reasons. Three-dimensional 
conformal radiotherapy (3D-CRT) will be effective treatment option 
in these cases. Local effect of 3D-CRT for such patients is presented. 
Materials and methods: From Oct 2009 to Mar 2011, 12 consecutive 
patients with HCC recurred after or ineffective or difficult to treat 
with TACE were registered. Cases with Child-Pugh C or PS 3-4 were 
excluded from the study. Age of the patients ranged from 68 to 85 
years old. Eight male cases and 4 female cases were included. Eight 
cases were treated with TACE while 4 cases (each case with portal 
venous invasion, abdominal aortic aneurysm, severe arteriosclerosis or 
dementia) were not. All lesions outside the gloss tumor volume (GTV) 
to be irradiated were controlled before radiotherapy. All cases were 
treated with 3D-CRT by 10MV Linac Xray with curative intent. Three 
cases out of the 12 were treated with stereotactic radiotherapy under 
breath holding. GTV volume ranged from 2.6 to 142cc.  Mean GTV 
volume and SD were 30.7cc and 42.0cc respectively. Planned 
treatment volume (PTV) ranged from 50.3 to 193.2cc.  Mean GTV 
volume and SD were 127.3cc and 63.3cc respectively. Prescribed 
GTV dose was 40-60Gy delivered in 10 to 30 fractions. Mean liver 
dose was 7.6-19.8Gy. 
Results: CR was obtained in 2 cases and PR in 9 cases and one was in 
NC. Response rate was 92%. No toxicity with grade 2 or greater was 
observed. 
Conclusion: 3D-CRT will be a useful therapeutic option in the 
treatment of HCC in curative intent. 
 
POS39-26. Roles of tumor-secreted SDF-1 on glioma response to 
radiation therapy. Shu-Chi Wang1, J. Hong2, C. Chiang1, 1: National 
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Tsing Hua University , Taiwan, 2: Chang-Gung Memorial Hospital, 
Taiwan 
 
We have been found that tumor-associated macrophages (TAMs) can 
specifically co-localize with hypoxic tumors after radiation therapy 
(RT) in an ectopic prostate cancer murine model. In this study, we 
used the common used GL261 cells and a new murine astrocytoma-
ALTS1C1 cell to examine whether TAMs could also accumulate in 
the hypoxic region of brain tumors after RT. Intracranial implantation 
of the ALTS1C1 astrocytoma has the similar medium survival days as 
the GL261 tumor. However, these two tumors display distinct tumor 
microenvironments. Compared to GL261 tumors, the ALTS1C1 
represents good vessel density and networks and less of hypoxia 
region. In additional, only the ALTS1C1 tumors have significant 
aggregation of CD68+ TAMs in hypoxic region after RT 2 weeks but 
this phenomenon does not appear in the GL261 tumors. SDF-1 plays a 
critical role in regulating revascularization, which is highly expressed 
on ALTS1C1 cells. To further define the roles of SDF-1 in ALTS1C1 
tumors, the lentiviral shRNA particle was used to silence SDF-1 
expression. Intracranial implantation of ALTS1C1-SDFkd cell 
decrease microvascular density, resist to RT, and diminish the 
aggregation of TAMs into hypoxic region after RT 2 weeks compared 
to undisturbed tumors. This study demonstrated that SDF-1 expression 
by ALTS1C1 cells is critical for tumor vessel formation, the 
aggregation of TAM into hypoxic regions, and the response of brain 
tumor to RT. 
 
POS39-27. Radiation-induced astrocytosis enhances vessel 
function and promotes tumor regrowth after radiation therapy. 
Ching-Fang Yu1, C. Lin1, S. Wang1, J. Hong2, C. Chiang1, 1: 
Department of Biomedical Engineering and Environmental Sciences, 
NTHU, Taiwan, 2: Department of Radiation Oncology, Chang Gung 
Memorial Hospital, Taiwan 
 
The recurrence of brain tumors after radiation therapy (RT) is 
frequently reported clinically.  To investigate the behavior of recurrent 
glioma after RT, we used a murine astrocytoma, ALTS1C1, growing 
from pre-irradiated (pre-IR) brain tissues as a pre-clinical brain tumor 
recurrent model.  Mouse brain was irradiated by 8 or 15 Gy prior to 
tumor implantation. The results showed that the prolong survival time 
of tumor-bearing mice was only seen in mice receiving 15 Gy, but not 
8 Gy of pre-irradiation.  However, the decrease of tumor vessel 
density and the increase of astrocytosis were found in both groups in a 
dose dependent fashion.  We were surprised how ALTS1C1 cells in 8 
Gy pre-IR tissues could have the same growth rate as in control 
tissues, while 8 Gy pre-irradiation significantly decreased the vessel 
number.  When the tissues were examined by confocal imaging for the 
co-staining of GFAP and CD31 antibodies, more double positive cells 
were found in tumors growing from 8 Gy pre-IR tissues than that from 
control tissues. This indicates that the vessels in tumor growing from 
pre-IR tissues might have better function than those from control 
tissues.  In summary, we found that 8 Gy of pre-irradiation activated 
astrocytes, which might consequently restore the vessel function and 
promote tumor re-growth. This study suggests that the control of 
radiation-induced astrocytosis is a potential approach for preventing 
tumor recurrence. 
 
POS40 Radiation biophysics 
 
POS40-01. Nucleolus Real-time Obversation after Ionizing 
Radiation. Lei Chang, W. Hu, Institute of Modern Physics Chinese 
Academy of Sciences, China 
 
Purpose: To provide a feasible way to examine nucleoli changes in a 
real-time manner after exposure to ionizing radiation (IR). 
Materials and methods: We constructed NPM gene into pEGFP-N2 
vector and subsequently transfected it into human melanoma 92-1 
cells. 
Results: Successfully we established a cell line stably expressing 
NPM-pEGFP fusion protein by selecting with G418, which might be a 
powerful tool for studies on the nucleoli in responding to exogenous 
stresses. 
Conclusions: Our data shows that both 12C6+ ions and X-ray irradiation 
could cause nucleoli to change their morphological structure, size etc. 
This result indicates that nucleoli changes may have some relationship 
with cells response to radiation. So, the further study of nucleoli 
structure and constitutive proteins changes could show us a new way 
to study molecular mechanism of cell biological effects of radiation. 
Keywords: NPM, irradiation, 12C6+ ions, X-ray. 
 
POS40-02. Unraveling complexity of complex chromosome 
aberrations. Yuri Eidelman, F. Krylov, S. Andreev, Institute of 
Biochemical Physics, Russian Academy of Sciences, Moscow, 
Russian Federation 
 
One of the key recent findings in radiation cytogenetics revealed by 
mFISH technique is high complexity of radiation-induced 
chromosomal aberrations (CA). The existing mechanistic models of 
CA formation fail to explain this phenomenon. The aims of the 
present report are a) the extension of the previous work [Eidelman and 
Andreev, Radiat. Prot. Dosim. 2011, v.143, p.202] considering CA 
formation by interaction of damaged chromosome subunits via 
random contacts by addition of the alternative pathway, interactions 
on nuclear centers; b) the analysis of ―rejoining cycles‖ of complex 
aberrations. 
The types and frequencies of simple and complex CA induced by low 
LET radiation were predicted on the basis of the direct simulation of 
pathways mentioned above. Structure and dynamics of interphase 
chromosomes, chromosomal contacts distribution, damage of 
chromosomal subunits, including simulation of DSB induction/repair, 
were simulated for the model of human lymphocyte interphase 
nucleus developed previously. Damaged subunits of different 
chromosomes can be highly localised in space due to their attachment 
to nuclear centers. They undergo multiple interactions resulting in 
complex CA. The rest of the damaged loci in the nucleus, not attached 
to nuclear centers, form CA by ―random contacts‖ pathway. For each 
complex aberration its cycle structure was determined. 
The calculated dose response curves depend on which of the 
mechanisms considered prevails. For the nuclear centers pathway the 
complex aberrations are more frequent and more ―complex‖ in terms 
of higher order of rejoining cycles than for the ―random contacts‖ 
pathway. The comparison between the theoretical results and the 
mFISH data shows that the formation of CA through involvement of 
random contacts of damaged chromosomes is insufficient to explain 
both high ratio of complex to simple CA and high frequency of 
complex CA with high-order rejoining cycles. Incorporation of the 
―nuclear centers‖ pathway allows to explain both of these phenomena. 
 
POS40-03. Radioprotective properties of fullerenol C60(OH)26-
33. Jacek Grebowski1, A. Krokosz1, M. Wolszczak2, A. Rodacka1, M. 
Puchała1, 1: University of Lodz, Department of Molecular Biophysics, 
Division of Radiobiology, Poland, 2: Technical University of Lodz, 
Institute of Applied Radiation Chemistry, Poland 
 
The aim of our work was to assess radioprotective properties of 
fullerenol C60OH26-33 in two biological systems. 
The solutions of alcohol dehydrogenase (ADH) in a 20 mM Na-
phosphate buffer (pH 7.4) with or without 75μg/ml of fullerenol 
(FulOH) were exposed to 0 – 100 Gy of X-radiation (200 kV, 20 mA) 
under air. The activity of ADH was measured after 1 and 24 hours of 
incubation at 37˚C and the radiation yield of inactivation of ADH was 
calculated. 
Human erythrocytes (hematocrit of 2%) suspended in PBS were 
incubated with FulOH at concentration 150 mg/ml at 37°C for up to 3 
hrs. Erythrocytes with FulOH (150 mg/ml) were irradiated with 
electron pulses from a linear electron accelerator ELU-6 with the dose 
of 650 Gy. Potassium efflux, lactic dehydrogenase (LDH) release, 
acetylcholinesterase (AChE) kinetics and membrane fluidity were 
determined. 
Our results showed that fullerenol protected ADH against radiation-
induced damage. The radiation yield of inactivation was about 25% 
lower for ADH irradiated in the presence of fullerenol. 
The increase of potassium efflux and LDH release are thought as 
parameters indicating a plasma membrane disruption preceding 
hemolysis. The measurements of AChE activity and kinetics give 
valuable information about the structural changes in the erythrocyte 
membrane under actions of various factors e.g. irradiation, chemicals. 
Fullerenol protected erythrocytes from radiation-induced potassium 
efflux. Extracellular concentration of K+ was about 10% higher in the 
samples irradiated without fullerenol comparing to those with 
fullerenol at 150 mg/ml. Furthermore, the LDH release was also 
decreased. However, the AChE activity did not change either after 
fullerenol or radiation or FulOH and radiation treatment. But the 
substrate affinity of AChE decreased after irradiation. FulOH 
preserved that parameter. Moreover, the substrate affinity was 
increased slightly by FulOH itself. 
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AChE activity is modulated by the hydrophobic environment of the 
membrane and depends on the membrane fluidity and surface charge. 
FulOH decreased slightly the fluidity of erythrocyte membrane and 
therefore could change the substrate affinity of AChE. 
These results confirm that fullerenol could prevent isolated enzymes 
and the intact cells from radiation-induced damage. 
 
POS40-04. A comparative study on the cyto- and genotoxicity of I-
123- and I-125-UdR in-vitro. Ralf Kriehuber, A. Jaeger, E. 
Kümmerle, D. Oskamp, M. Unverricht-Yeboah, E. Pomplun, 
Department of Safety and Radiation Protection, Forschungszentrum 
Jülich, Germany 
 
The Auger effect is not yet fully understood in respect to the average 
numbers of emitted Auger electrons per decay and consequently to the 
deposited energy as well as to the dose rate. Therefore, we studied the 
Auger electron emitter (AEE) I-123 and I-125 which are characterized 
by a different half-life (13.2 h vs. 59.4 d) and by different average 
numbers of Auger electrons emitted per decay (ratio I-123/I-125 ~ 
1:2). The biological response in mammalian cells labelled with 
various activity concentrations of 5-(123)iodine-2‘-deoxyuridine (I-
123-UdR) and (5-(125)iodine-2‘-deoxyuridine (I-125-UdR) was 
thoroughly investigated to further elucidate the biological 
effectiveness of these particular electron emitters. 
SCL-II, Kidney-T1 and Jurkat cells were synchronized in G1-phase, 
subsequently labelled with I-123- respectively I-125-UdR and the 
cellular uptake and DNA incorporation of I-UdR was determined. 
Chromatin damage was quantified by the alkaline Comet assay, 
apoptosis induction assessed by the Annexin V/PI assay employing 
flow cytometry and micronucleus formation was quantified using the 
Cytochalasin-B micronucleus assay at various times post-labelling. 
Cs-137 γ-rays served as reference radiation. 
I-125-UdR induced overall a slightly stronger response in human cell 
lines than I-123-UdR regarding micronucleus formation and 
chromatin damage per decay. Both AEE caused a pronounced long-
lasting G2/M phase arrest. On average one decay (I-125-UdR) every 
90 seconds per DNA/cell is sufficient to induce a permanent cell cycle 
arrest. 
Albeit of a lower dose rate, I-125-UdR is slightly more genotoxic in 
comparison with I-123-UdR. 
Supported by the Bundesamt für Strahlenschutz; Bundesministerium 
für Umwelt, Natur und Reaktorsicherheit (BMU); Project No.: 
3608S03002 
 
POS40-05. Numerical model of mutation induction by α-radiation 
in the bronchial epithelium. Balázs Madas, I. Balásházy, Hungarian 
Academy of Sciences KFKI Atomic Energy Research Institute, 
Hungary 
 
Radiation is taught to be causing mutations mainly due to its DNA 
damaging effect. However, densely ionizing radiation, such as α-
radiation, can increase the cell inactivation rate as well resulting 
shorter cell cycles, less time for repair and consequently additional 
mutations. In this study, the role of these two mutagenic processes and 
the dependency of mutation induction on tissue dose have been 
studied. 
For this purpose, a numerical model of the bronchial epithelium 
consisting of dividing and differentiated cells has been elaborated. 
Radiation burdens on cellular and cell nuclear level have been 
determined for α-emitting radon progenies by a microdosimetric 
approach. Regarding mutation induction, the following assumptions 
have been applied: i) Mutation occurs when cell divides with DNA 
damage. ii) Number of DNA double strand breaks (DSBs) is direct 
proportional to cellular dose. iii) Cell surviving probability decreases 
exponentially by cell nucleus hits. iv) Mitotic rate depends on the 
number of cell inactivations and the number of surviving progenitor 
cells, but it has a maximum value. v) DNA repair follows a reciprocal 
kinetics. The parameters of the above processes have been derived 
from experimental data. The expectation of mutation induction rate 
has been computed for chronic exposure. The role of DSB induction 
and cell cycle shortening has been investigated by simulating cases in 
which none (background), only one or both of the two mechanisms are 
in action. 
The results demonstrate that cell cycle shortening significantly 
contributes to the number of induced mutations suggesting that based 
on in vitro experiments on cell cultures mutagenic effect of densely 
ionizing radiation can be underestimated. Investigating the dose 
dependence, three ranges can be distinguished. At low doses (below 
~350 mGy) the curve has a convex shape, then mutation induction 
depends linearly on tissue dose, while beyond ~2.3 Gy, where the 
turnover rate reaches its maximum, the slope of the curve is lower. In 
the later range, the normal number of progenitor cells is no more 
sufficient for the maintenance of tissue homeostasis, i.e. there is a 
chronic need for these cell types which can result a hyperplasia of 
cells capable of dividing. 
Modeling efforts presented here help us to understand the role of 
different processes in mutagenesis. 
 
POS40-06. Chromatin structure and radiation-induced 
intrachromosome exchanges. Lingegowda Mangala1, Z. He2, Y. 
Zhang1, M. Hada1, F.A. Cucinotta1, L. Rohde2, H. Wu1, 1: NASA 
Johnson Space Center, USA, 2: University of Houston Clear Lake, 
USA 
 
To investigate the relationship between chromosome aberrations 
induced by radiation and chromatin folding, we measured the physical 
distances between different regions of the chromosome during 
interphase. Previously, we have investigated the location of breaks 
involved in intrachromosomal type exchange events in human 
chromosome 3, using the multicolor banding in 
situ hybridization (mBAND) technique. In human epithelial cells 
exposed to both low- and high-LET radiations in vitro, we reported 
that intrachromosome exchanges occurred preferentially between a 
break in the 3p21 and one in the 3q11 regions. Exchanges were also 
observed between a break in 3p21 and one in 3q26, but few exchanges 
were observed between breaks in 3q11 and 3q26, even though the two 
regions are located on the same arm of the chromosome. Here, we 
report the physical distances measured between these regions of 
chromosome 3 in human epithelial cells during the G1 phase of the 
cell cycle. We further analyzed fragile sites on the chromosome that 
have been identified in various types of cancers. Our results 
demonstrated that the distribution of breaks involved in radiation-
induced intrachromosome aberrations depends upon both the location 
of fragile sites and the folding of chromatins. 
  
POS40-07. Irradiation of tumour cell lines with very high-LET 
particle beams accelerated at Naples Tandem facility. Lorenzo 
Manti1,2, L. Campajola1,2, I. Improta2, F.M. Perozziello1, G. Porzio3, G. 
Grossi1,2,3, 1: Department of Physical Sciences, University of Naples 
Federico II, Italy, 2: National Institute for Nuclear Physics (INFN), 
Naples Section, Italy, 3: Centre for Radiation Protection and Health 
Physics (CRAFS), University of Naples Federico II, Italy 
 
The impending National Centre for Oncological Hadrontherapy 
(CNAO) in Italy is due to start in vitroradiobiological validation of 
tumour treatment by charged particles. Ongoing experiments at other 
Italian facilities have already shown a gain by 12C ions (LET ~ 200 
keV/micron) in terms of cell killing in glioma cell lines otherwise 
resistant to low-LET radiation. There is, however, increasing interest 
for the therapeutic use of heavier ions, such as oxygen and neon. At 
our Department we have recently produced oxygen beams at a 3 MV 
TTT Tandem accelerator by devising a sputtering source where 
oxygen is continuously sprayed on a tantalium cathode. We aim at 
evaluating the biological effectiveness of such particles at tumour cell 
inactivation using a panel of glioma cell lines. Cells will be grown on 
1.5 micron-thick mylar and irradiated in purposely built Perspex 
vessels. A novel experimental irradiation set-up is being developed in 
that vessels are vacuum-held at the channel beam exit with the mylar 
base facing the beam. This arrangement significantly reduces hitherto 
occurring energy losses downstream since the pristine 21-MeV beam 
is degraded solely through the vessel‘s mylar. Therefore, ions will be 
able to reach and traverse the cell monolayer, with an estimated 
incident LET of ~ 1,000 keV/micron. Energy spectra and dosimetric 
measurements will be performed by means of Si-based detectors as 
well as CR-39 detectors. Irradiated cells will be allowed to form 
colonies for up to 2 weeks and clonogenic survival will be measured. 
The results will be compared with those obtained from previous 12C 
ion irradiations. 
 
POS40-08. Nanodosimetry: a novel dosimetric concept for 
radiation biophysics. Heidi Nettelbeck, M. Bug, G. Hilgers, H. 
Rabus, Physikalisch-Technische Bundesanstalt (PTB), Germany 
 
Aim: This work is an overview of recent progress in nanodosimetry to 
establish novel dosimetric concepts based on measurable track 
structure properties of ionising radiation. 
Methods: Nanodosimetry is the development of experiment and 
numerical techniques for characterising particle track structure based 
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on the formation of ionisation clusters in targets comparable to DNA. 
Ionisation cluster size distributions (ICSDs) are measured in 
macroscopic gas targets with an ion-counting nanodosimeter, since 
detection of these distributions in nanometric volumes of condensed 
matter is not possible [1]. Details of the particle track structure in 
condensed matter are obtained by means of a dedicated Monte Carlo 
simulation code. A theoretical scaling relation is used to relate the 
measured and simulated ICSDs in different materials and volumes [2]. 
Simulations using the physical properties of the DNA-substitute 
tetrahydrofuran (THF) were also performed to study the accuracy of 
using water to approximate biological matter. 
Results: Measured ICSDs were used to validate the PTB code and the 
scaling procedure for these distributions in different gases. 
Comparison of nanodosimetric parameters with radiobiological data 
suggests a correlation between the ICSD and probability for initial 
DNA damage [3]. Simulations with water as opposed to THF yielded 
up to 40% larger mean ICSDs, which may correspond to an 
overestimation of radiobiological effectiveness when water is used. 
Conclusion: Nanodosimetry is an emerging technology that uses 
ICSDs to estimate radiobiological effects for specific biological 
endpoints. ICSDs measured in macroscopic gas targets and simulated 
in nanometric volumes of condensed matter have validated the use of 
a scaling procedure to estimate these distributions in different 
materials. The correlation between nanodosimetric parameters and 
radiobiological data shows the potential for nanodosimetry to provide 
meaningful definitions of concepts describing radiation damage to 
biological targets. 
[1] G. Garty et al., Radiat. Prot. Dosim. 99, 325-330 (2002). 
[2] B. Großwendt, Radiat. Prot. Dosim. 110, 789-799 (2004). 
[3] B. Großwendt, Radiat. Prot. Dosim. 122, 404-414 (2006). 
 
POS40-09. Microdosimetric Kinetic Analysis of the Lesions in 
Bio-Cells by Radiation Exposure. Yousuke Ohtsubo1, K. Tsutsumi2, 
K. Sasaki3, K. Wakui1, H. Date2, 1: Graduate School of Health 
Sciences, Hokkaido University, Japan, 2: Faculty of Health Sciences, 
Hokkaido University, Japan, 3: Graduate School of Engineering, 
Kyoto University, Japan 
 
The effect of ionizing radiation on bio-cells has been evaluated by 
RBE (Relative Biological Effectiveness) that is described as a 
function of LET (Linear Energy Transfer) in radiotherapy. The LET is 
usually treated as a constant value averaged over the energy for the 
radiation particle. However, the energy transfer from the particle to 
bio-cells differs depending on the ―moment to moment‖ of the particle 
energy in the path, yielding different effects on local regions in the 
cell volume. In this study, we employ the Microdosimetric Kinetic 
(MK) model in order to take account of the lesions induced locally by 
the passage of electrons, for estimating the parameters associated with 
lethal lesions and clarifying the relation between the electron energy 
distribution and cell survival under photon beam irradiation. 
 In the MK model, the volume of the nucleus is divided into smaller 
subunits called ―domains‖ so that local damage along the passage of 
ionizing radiation can be evaluated. A set of rate equations for the 
number of lesions in the domain per cell nucleus is solved. We apply 
the solution to cell survival data from the literature, and various 
parameters describing the behavior of the lesions are deduced. In 
particular, we focus on the parameter (γ) that represents the difference 
of the energy distribution in the photon. 
 The parameters in the MK model were determined for CHO K1 cells 
exposed to 200 kV X-rays and 60Co γ-rays (1.17 & 1.33 MeV). The 
γ-parameter for 200 kV X-rays was found to be larger than that for 
60Co γ-rays. Since γ renders the dose mean specific energy in the 
microscopic region of the cell nucleus, the result means that the local 
effects by electron passage vary according to initial energy of the 
electrons generated by the photon beam. In general, the stopping 
power of an electron has a peak around the end of the range, 
enhancing the ionization and excitation processes which may increase 
the damage. Therefore, the number of the lesions (e.g., double strand 
breaks) and cell lethality may be related with the number of the 
endpoints of electron tracks, which is governed by energy distribution 
of the electrons generated. 
 In this study, the damage of cells exposed to photon beams was 
evaluated by the MK model. It was shown that the surviving fraction 
of the cells depends on the electron energy induced by photon 
irradiation. 
 
POS40-10. The analytical model of chemical phase and formation 
of DSBs in chromosomes by ionizing radiation. Hana Pisakova1, J. 
Barilla2, M. Lokajicek1, P. Simr2, 1: Institute of Physics AS CR, v.v.i., 
Czech Republic, 2: J.E. Purkinje University in Usti nad Labem, 
Faculty of Science, Czech Republic 
 
The irradiation of biological systems causes a sequence of different 
processes, which can be separate into physical, biological and 
chemical phase. Physical phase involves interactions between ionizing 
radiation and atoms in cells, chemical phase is characterized by rapid 
chemical reaction of ionized atoms and molecules and finally the 
biological phase is related to response of cell to caused damages. To 
distinguish chemical and biological phase in cells the corresponding 
damage degree should be estimated independently. The analytical 
model of chemical phase describes the processes running in individual 
radical clusters after irradiation. The formation of chromosome double 
strand breaks in the case of low-LET radiation will be presented. 
 The chemical processes and diffusion characteristics of radical 
clusters have been described with the help of parameters taken from 
the literature; only several additional free parameters having been 
established. The concept using the Petri nets enables to consider the 
role of diffusion process and chemical reactions of radicals 
concurrently has been used in this simulation.The model may be 
easily extended by including the effects of various radiomodifiers 
present in medium during irradiation.. 
The model enables to distinguish chemical and biological phases in 
cell on the basis of determination of DSB amount in DNA and thus to 
help in establishing repair capability of a given cell. Possible 
applications of the proposed model in hadron radiotherapy will be 
discussed. 
 
POS40-11. The Distribution of Chromosomal Aberrations in 
Human Cells Predicted by a Generalized Time-Dependent Model 
of Radiation-Induced Formation of Aberrations. Artem 
Ponomarev1, K. George2, F.A. Cucinotta3, 1: USRA/NASA JSC, 
USA, 2: Wyle Inc., USA, 3: NASA JSC, USA 
 
New experimental data show how chromosomal aberrations for low- 
and high-LET radiation are dependent on DSB repair deficiencies in 
wild-type, AT and NBS cells. We simulated the development of 
chromosomal aberrations in these cells lines in a stochastic track-
structure-dependent model, in which different cells have different 
kinetics of DSB repair. We updated a previously formulated model of 
chromosomal aberrations, which was based on a stochastic Monte 
Carlo approach, to consider the time-dependence of DSB rejoining. 
The previous version of the model had an assumption that all DSBs 
would rejoin; therefore, we called it a ―time-independent‖ model. The 
chromosomal-aberrations model takes into account the DNA and track 
structure for low- and high-LET radiations and provides an 
explanation and prediction of the statistics of rare and more complex 
aberrations. We compared the program-simulated kinetics of DSB 
rejoining to the experimentally-derived bimodal exponential curves of 
the DSB kinetics. We scored the formation of translocations, 
dicentrics, acentric and centric rings, deletions, and inversions. The 
fraction of DSBs participating in aberrations was studied in relation to 
the rejoining time. Comparisons of simulated dose dependence for 
simple aberrations to the experimental dose-dependence for HF19, AT 
and NBS cells will be made. 
 
POS40-12. New radiation-dosimetry ‗targets‘ in marrow for 
assessing the risk of childhood leukemia and bone cancer. Richard 
Richardson1, R. Kramer2, 1: AECL, Canada, 2: Federal University of 
Pernambuco, Brazil 
 
The International Commission on Radiological Protection (ICRP) 
assesses the risk of radiation-induced leukemia and bone cancer by 
calculating the dose to ‗target‘ tissues in the bone marrow of 
trabecular bone cavities (Int J Radiat Biol 87, 343, 2011). However, 
these ICRP targets, which are reassessed in this paper, are based on 
marrow physiology and data that are more applicable to adults rather 
than fetuses, infants and children. Current ICRP targets do not account 
for hematopoietic and mesenchymal stem cells being comprised of 
active and quiescent subpopulations that occupy niches with different 
radiosensitivity. The biological reality is that, when quiescent, pre-
cancerous cells, stem cells, and perhaps cancer stem cells, reside in a 
hypoxic, radioprotective microenvironment such as the endosteum. 
These same stem cells when active reside in peri-vascular niches that 
are 2-3 fold more radiosensitive than the endosteum.  
For leukemia, rather than assess the radiation dose to whole marrow as 
recommended by the ICRP, a more meaningful risk assessment is 
achieved by estimating and weighting the doses to marrow partitioned 
into its quiescent and active portions. The greater proportion of active 
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marrow mass compared to quiescent marrow at the younger stages of 
human development aligns with the greater risk of radiation-induced 
leukemia in children compared with adults as determined for atomic 
bomb survivors and radiotherapy patients. 
For bone cancer, the current ICRP target is based on the dose to pre-
existing or radiogenic lesions assumed to be located within a 50 μm 
thick layer of marrow, regardless of whether the layer is adjacent to 
quiescent or actively remodeling bone surfaces of trabecular cavities. 
However, calculating the dose in this way has little relevance for 
assessing the radiogenic risk of primary malignant bone cancer in 
childhood, the most common form being osteosarcoma. Long bone 
growth plates and adjacent metaphyseal regions, not present in adults, 
are more appropriate targets because this is where the majority of 
childhood osteosarcomas generally originate. Concluding, it is 
important that these new targets be considered in the new generation 
of virtual voxelized phantoms (Phys Med Biol 55, 163, 2010) to allow 
for the better assessment of radiation risk from epidemiological 
studies. 
 
POS40-13. Interrelation between characteristics and composition 
of the liposome lipids and the radiation action. Lyudmila 
Shishkina1, M. Klimovich1, M. Kozlov1, D. Paramonov2, V. 
Trofimov2, 1: Emanuel Institute of Biochemical Physics of Russian 
Academy of Sciences, Russian Federation, 2: Scientific and 
Technological Center "Lekbiotech", Russian Federation 
 
Earlier it is established that the physicochemical characteristics and 
the composition of the natural lipids play the important role in the 
liposome forming from them. The aim of this work is to reveal the 
most important parameters among the initial characteristics of the 
liposome lipids which are due to the formation of consequences after 
their irradiation. 
Liposomes were formed by ultra sound dispersant from the native and 
oxidized lecithin-standard and the liver and brain lipids of outbreed 
mice. Physicochemical characteristics of the liver and brain lipids are 
modified by carrying out experiments in different seasons. g-
Irradiation was performed at the dose rate of 27.6; 26.4 and 29.9 
Gy/min for liposomes from lecithin and the murine liver and brain 
lipids correspondingly. The range of doses is from 0 to 7 Cy. 
The stage changes in dependence on the radiation dose were revealed 
for all investigated parameters of liposomes formed from lecithin: the 
TBA-reactive substances and peroxide amounts in lipids, the relation 
of phospholipid (PL) fractions and PL proportion in the total lipid 
composition (%PL), the content of the diene conjugate (DC) and 
ketodiene (KD) in lipids. However, the stage changes in liposomes 
formed from the organ lipids of mice were only obtained for %PL, the 
relation of PL fractions and antiperoxide activity (APA) of lipids. In 
all cases the diminution of the medium pH was found when the 
radiation dose increased. While the common direct correlation 
between the DC and KD content in liposones formed from any intact 
lipids was found, the similar correlations had the different scale for 
liposomes formed from lecithin and the organ lipids of mice in 
dependence on the radiation dose. The initial values of DC and KD 
content cause the difference in scale and direction of correlations 
between the medium pH, APA or the DC and KD content and the 
radiation dose. Irradiation results to the  alteration of interrelation 
between the molar ratio [sterols]/[PL] and the TBA-reactive 
substances amount in liposomes formed from the organ lipids of mice. 
Data obtained allow us to conclusion that the initial extend of the lipid 
unsaturation and the sterol presence play the important role for the 
formation of consequences after the radiation action. 
 
POS40-14. Interactions of Some Porphyrins and Chlorin e6 with 
Human Serum Albumin or DNA. Tadeusz Strózik, M. Wolszczak, 
M. Hilczer, Technical University of Lodz, Institute of Applied 
Radiation Chemistry, Poland 
 
Photodynamic therapy (PDT) is the treatment of malignant lesions 
with visible light following the systemic administration of tumour-
localizing photosensitizers, e.g., porphyrins or chlorins. Under certain 
conditions, porphyrins can also act as radiosensitizers. Thus, a 
reasonable combination of radiotherapy and PDT might be really 
promising treatment. 
We have conducted pulse radiolysis and flash photolysis studies to 
determine properties of one-electron-reduced and one-electron-
oxidised forms of phorphyrins and neat chlorin e6. Studies within 
porphyrin family included generation of reactive oxygen species by 
light and pulse radiolysis in order to determine absolute rate constants 
of free-radical reactions and to collect spectral information about 
transient species produced by one-electron reduction or oxidation. 
Experiments were conducted in selected homogeneous solvents as 
well as in the presence of biologically important molecules, such as 
human serum albumin (HSA) or DNA. 
We have found that charges present in side chains of porphyrins are 
able to influence the localization of porphyrins in HSA and DNA. The 
cationic type porphyrins (e.g., meso-tetrakis(4-N-
methylpyridyl)porphine and meso-tetrakis[4-
(trimethylammoniumyl)phenyl]porphine,) are effectively intercalated 
within DNA helix. The negatively charged porphyrin (meso-
tetrakis(p-sulfonatophenyl)-porphyrin) or chlorin e6 penetrate into 
protein structure. 
From pulse radiolysis studies we concluded that reaction rate of the 
hydrated electron (e-aq) with intercalated porphyrins is reduced tenfold 
in respect to that for free porphyrins. We did not observe the electron 
transfer along DNA helix, from DNA base radical anions to 
porphyrins. In our opinion it is due to low driving force of such a 
process. 
The laser flash photolysis experiments showed that the electron 
transfer occurs between the triplet state of porphyrin and another 
intercalator of high electron affinity (e.g., 1-nitro-9-aminoacridine) 
within DNA. The electron transfer distance was restricted to less than 
four base pairs 
 
POS40-15. Detoxification of α-radioactive solutions by humic 
substances. Tatiana Rozhko1, N. Kudryasheva2, A. Bolsunovsky2, O. 
Mogilnaya2, G. Vydryakova2, 1: Siberian Federal University, Russian 
Federation, 2: Institute of Biophysics SB RAS, Russian Federation 
 
Ecological biomonitoring is based on the use of the living organisms. 
All biological assay systems (bioassays) are nonspecific and integral. 
The use of microorganisms, of marine luminous bacteria in particular, 
is currently favored. Bioluminescent bioassays are characterized by 
simplicity, high rate of analysis, and by relatively low prices. The aim 
of the research was the investigation of detoxification of radioactive 
solutions of low activity by humic substances (HS) by bioluminescent 
assay systems. 
The bioluminescence intensity of the luminescent bacterium Р. 
phosphoreum on time of exposure to radioactivity in the presence and 
in the absence of HS was determined.  . This effect is a demonstration 
of detoxifying properties of HS in the radioactive solution. 
We found that HS (C=0,25 mg/ml) do not change time-decay of 
bioluminescent intensity under all concentrations of Uranium. (C=10-
3 ¸ 2×10-7M). 
The studies on localization of americium in cell structures of intact 
bacteria in the absence and in the presence of HS were carried out. 
The introduction of HS was found to affect the distribution of 241Am 
in cells. 
Electron-microscopy study showed that HS decrease damage of the 
bacterial cells in the radioactive solutions. 
The effect of HS was shown to depend on a radionuclide 
concentration, as well as on the complexity and integrity of 
bioluminescent assay system. The study demonstrated a high potential 
of the bioluminescent assay to monitor detoxification efficiency of HS 
in solutions of radioactive compounds. HS (С = 0.25 mg/ml) 
detoxified solutions of Americium and did not detoxify solutions of 
Uranium. 
 
POS41 Track structure 
 
POS41-01. Relative Damaging Ability Among Heavy Ions 
Determined Using FLUKA Simulation. Brad Cox, Texas A&M 
University, USA 
 
Track structure analysis can be utilized to refine the uncertainties in 
estimating the biological risks of heavy ions.  The spatial distribution 
of energy deposited in cell nuclei depends on an ion‘s charge and 
velocity.  Ions of equal linear energy transfer (LET) have largely 
varying velocities and produce a significantly different spectrum of 
secondary particles.  LET is an average value, ignoring track structure 
on the cellular scale. Variations in the particle trajectories of different 
ions cause a change in energy deposition and the resulting target 
effects.  GCR have vastly different velocities and produce secondary 
electrons that can travel several millimeters away from the primary 
ion‘s track to affect many more cells. Damage to a cell can be 
described by the energy imparted to a cell nucleus by a known number 
of particle traversals.  Using FLUKA charged particle transport 
modeling, the microdosimetry of heavy ions traversing biologically 
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relevant targets can be simulated.  This approach models the dose and 
particle fluence for individual cell nuclei making up a larger target 
volume.  The damaging ability of an ion can be compared with other 
ions having equal LET by assessing the number of particle crossings 
and dose to each cell.  This study presents the dose characteristics of 
Carbon, Oxygen, Magnesium, Silicon, Calcium, and Titanium, having 
an LET of 100 keV um-1.  Ion kinetic energies range from 6.8 MeV n-
1 to 1582 MeV n-1, and are calculated to have a stopping power of 100 
keV um-1 in water by the Bethe-Bloch approach to charged particle 
energy loss.  Relative damaging ability is established by comparing 
the microdosimetric quantities determined by FLUKA simulation. 
 
POS41-02. First comparison of nanodosimetric measurements of 
protons and deuterons. Hilgers Gerhard, H. Nettelbeck, H. Rabus, 
Physikalisch-Technische Bundesanstalt (PTB), Germany 
 
One of the main aims of experimental nanodosimetry is to investigate 
the initiation of radiation damage due to direct ionization processes in 
biological targets of nanometric size (such as DNA segments) by 
measuring size distributions of clustered ionizations. This work 
presents an investigation of fundamental aspects of nanodosimetry. 
The electronic stopping power of a substance depends on the type, 
charge state and energy of the ionizing particle being stopped. 
According to Bethe‘s theory, the stopping power is identical for 
different ions of the same charge and identical velocity. In the field of 
nanodosimetry, the first moment of the frequency distribution of the 
number of ionizations, that is the mean ionization cluster size M1(Q), 
is expected to be proportional to the stopping power. Therefore, M1(Q) 
should also be identical for ions which are isotopes (i.e. identical 
atomic number Z, but different mass number A), if the charge states 
and particle velocities are the same. 
Ionization cluster size distributions from monoenergetic proton and 
deuteron beams in the energy range from 0.1 MeV to 3.3 MeV were 
measured in C3H8 and N2 at a pressure of 1.2 mbar with an ion-
counting nanodosimeter. For both gases, the mean ionization cluster 
size M1(Q) derived from the measured cluster size distributions for 
proton and deuteron beams shows a similar dependence on the particle 
velocity. As regards to absolute values, however, the measurements 
for deuterons are systematically smaller than those for protons. The 
relative deviations between the two isotopes are in the order of 20% to 
45% and are significant with respect to the measurement uncertainties. 
The deviations and uncertainties associated with these preliminary 
experimental data suggest that further measurements are needed to 
improve the comparison of the mean ionization cluster size M1(Q) for 
different isotopes. 
 
POS41-03. Calibration of CR-39 using stochastic simulation for 
10B measurements in autoradiography. Seyed Behnamedin 
Jameie1, A. Pazirandeh2, S. Goodarzi2, N. Baghban Khojasteh2, 1: 
Basic Science Department, Faculty of Allied Medicine, Teheran 
University of Medical Science (Hemmat campus), Iran, 2: Department 
of Nuclear Engineering, Science and Research Branch, Islamic Azad 
University, Iran 
 
To determine boron concentration as a function of ion tracks number 
per unit area of a polycarbonate surface, an experiment was 
performed. Eleven CR-39 polycarbonate samples covered by 
H3
10BO3 solution with known amounts of 
10B concentration were 
irradiated in a thermal neutron flux of 8×109 n.cm-2.s-1in pneumatic 
facility of Tehran Research Reactor (TRR). Alpha and lithium tracks 
were produced on CR-39 surface as a consequence of 10B (n, α)7Li 
reactions. After etching process using a solution of ethanol 30% and 
KOH 70%, the revealed tracks were counted under an optical 
microscopy Model: 3100.5000 Triton-II with 500times as much 
optical magnification. The experiment was also modeled using a 
stochastic simulation considering the random characteristic of the 
boron neutron capture reaction. Comparing experimental and 
theoretical results, the calibration factor, i.e., the ratio of counted 
tracks number in the experiment to the number of produced ions in 
simulation was obtained.  Furthermore, the absorbed dose due to ion 
particles LET was quantified by means of the absorbed dose curve, 
which correlates with boron concentration in the samples. The later 
curve was also obtained by modeling the experiment using FLUKA 
code simulation. 
 
POS41-04. Analytical differential cross sections for ejection of 
electrons in ionization of water by protons in the plane-wave Born 
approximation (PWBA) and the energy-loss, Coulomb-deflection, 
perturbed-stationary-state and relativistic (ECPSSR) theory. 
Gregory Lapicki, Department of Physics, East Carolina University, 
Greenville, USA 
 
Single-differential cross sections (SDCS) with respect to the energy 
transferred to ejected electrons are required in detailed modeling of 
interaction of ionizing radiation with matter; in particular, in proton 
bombardment of biological materials of which water is a prime 
constituent. The existing SDCS calculations are typically developed in 
the PWBA of the first Born approach (FBA), fortified with semi-
empirical corrections for the breakdown of the FBA with the 
decreasing proton energy and performed numerically [1-3]. 
Our analytical PWBA based both on atomic and molecular 
composition of water is comprehensively compared with measured 
SDCS in ionization of water vapor by 0.015-4.2 MeV protons [4]. 
Analytical corrections of the ECPSSR theory [5], that goes beyond the 
FBA, do not remove existing discrepancies with data for the slowly 
ejected electrons ionized by slow protons. It is for these less than 
several hundred keV-protons, however, that this theory predicts 
increasingly smaller cross sections with the increasing energy of the 
ejected electrons. This could be a significant change as an input for 
Monte Carlo track structure codes in water and other biologically 
relevant materials [6]. 
After adjustments for its physical state as in [2], our analytical PWBA 
and ECPSSR calculations are done for the liquid water SDCS, which 
despite of their usefulness in radiation biology are practically 
unobtainable experimentally. 
Restrictions on the range of momentum transfer in the derived 
formulas will be proposed for solid-state water, as ice measurements 
in conjunction with vapor data may support a bridge over troubled 
liquid water. 
[1] Miller, J.H., Wilson, W.E., Manson, S.T., 1985 Rad. Prot. Dos. 13, 
77. 
[2] Dingfelder, M., Inokuti M., Paretzke, H.G., 2000 Rad. Phys. 
Chem. 59, 255. 
[3] Scifoni, E., Surdutovich, E., Solov‘yov, A.V., 2010 Phys. Rev. E 
81, 02010. 
[4] Toburen, L.H., Wilson, W.E. 1977 J. Chem. Phys. 66, 5202; 
Wilson W.E., Miller, J.H., Toburen, L.H., Manson, S.T., 1984 J. 
Chem. Phys. 80, 5631;Bolorizareh, M.A., Rudd, M.E., 1986 Phys. 
Rev. A 33, 888. 
[5] Brandt, W., Lapicki, G., 1981 Phys. Rev. A 23, 1717. 
[6] Peretzke, H.G., 1987 In Kinetics of Nonhomogenous Processes 
(Wiley, NY) pp.89-170;Wilson, W.E., Nikjoo, H., 1999 Rad. Environ. 
Biophys. 38, 97; Emfietzoglou, D., Karava, K., Papamichael, G., 
Moscovitch, 2004 Rad. Prot. Dos. 110, 871; Bernal, M.A., Liendo, 
2007 Nucl. Instr. Meth. B 262. 1;Liamsuwan, T., Uehara, S., 
Emfietzoglou, D., Nikjoo, H. 2011 Int. J. Rad. Biol. 87, 141. 
 
POS41-05. A theoretical study of positive ion production by 
partially dressed ion impact on water. Thiansin Liamsuwan, H. 
Nikjoo, Radiation Biophysics Group, Department of Oncology-
Pathology, Karolinska Institutet, Stockholm, Sweden 
 
We investigated fragmentation of a water molecule induced by 
partially dressed ions C0 and C+ of energies 10 keV/u to 1 MeV/u. The 
cross sections for positive ion production were calculated from the 
sums of partial interaction cross sections weighted by the branching 
ratios for breaking down of a water molecule by each interaction. 
Ionisation and electron capture from the 5 energy levels of water were 
taken into account. In this work, the interaction cross sections were 
obtained from the Classical Trajectory Monte Carlo method [1]; and 
the asymptotic branching ratios for fragmentation of water into H2O
+, 
OH+, H+, and O+were taken from the derivation related to a set of 
experimental dipole oscillator strengths [2]. The cross sections for 
positive ion production are compared with available experimental data 
for C0 and C+, as well as with the data for other ion species (H+, H0, 
and He+). The contributions of ionisation and electron capture are 
presented for selected projectile energies. The results presented give 
insight into physical processes leading to breaking down and 
dissociation of water molecules. This work is of relevance for studies 
of biological damage induced in the Bragg peak of a carbon ion beam. 
The partial interaction cross sections as used in this study have also 
been implemented in a Monte Carlo track structure code for a full 
slowing-down carbon ion track in water. 
References 
[1] Liamsuwan T and Nikjoo H. 2011. An energy-loss model for low- 
and intermediate-energy carbon projectiles in water. Manuscript 
submitted to Int. J. Radiat. Biol. 
POSTER PRESENTATIONS 
 270 
[2] Tan KH et al. 1978. Absolute oscillator strengths (10-60 eV) for 
the photoabsorption, photoionisation and fragmentation of 
H20. Chem. Phys. 29 (3): 299-309. 
 
POS41-06. Consequences of track structure for chemical stage of 
radiation action and DNA damage. Václav Ńtěpán, M. Davídková, 
Department of Radiation Dosimetry, Nuclear Physics Institute ASCR, 
Czech Republic 
 
Initial track structure is one of the key factors determining damage to 
biomolecules by ionizing radiation. Theoretical model RADAMOL 
was applied to highlight differences in time-space track evolution for 
different types of charged primary particles in water.  
The RADAMOL model follows radiation action from initial track 
structure of charged ionizing particles in water through physico-
chemical and chemical stage. Resulting damages of a  biological 
target, DNA oligomer or DNA-protein complex in water, can be 
scored. RADAMOL was built as an extension to codes STOCHECO 
and RADACK, which provide description of water radiolysis and 
interactions with target molecule. Initial track structures are generated 
using Monte Carlo code TRIOL. Time-space evolution of the track is 
followed up to 1 ms. Yields of simple and complex damages are 
evaluated by default; task-specific damage clusters can be followed as 
necessary. 
Complex DNA damages are considered closely related to cellular 
effects of ionizing radiation; more densely ionizing particles are 
assumed to cause proportionally more complex DNA damages. Using 
RADAMOL code we modelled an in vitro situation when DNA 
oligomers are irradiated in water solution without radical scavengers. 
To assess the effect of track structure, three data sets were computed 
for each particle/energy combination. (1) Full simulation with track 
structure taken into account. (2) Case when positions of radiolytic 
species are randomized after pre-chemical stage. (3) Case when 
absorbed energy is converted into randomly placed radicals using 
escape radical yields for low-LET radiation and only chemical stage is 
modelled. 
Yield kinetics of chemical species and consequences on DNA damage 
will be discussed for selected energies of electrons, protons and alpha 
particles. 
 
POS41-07. Computational Approach for Determining the 
Properties of Low-Energy Electron Track. Yuji Yoshii1, K. Sasaki2, 
K.L. Sutherland3, H. Date4, 1: Education and Instrumentation Center, 
Sapporo Medical College, Japan, 2: Graduate School of Engineering, 
Kyoto University, Japan, 3: Graduate School of Medicine, Hokkaido 
University, Japan, 4: Faculty of Health Sciences, Hokkaido 
University, Japan 
 
Introduction: Local energy deposition of electrons generated in bio-
tissues exposed to radiation is crucial in the processes leading to cell 
damage. The purpose of this study is to make clear the agglomerative 
properties of electron processes (ionization and excitation) along low 
energy (below a few keV) electron tracks contributing to cell damage 
such as double strand breaks (DSBs) of DNA. 
Methods and Materials: The Monte Carlo technique was used for 
determining the spatial location of the ionization and excitation events 
by electrons with incident energies ranging from 100 eV to 1 MeV in 
liquid water. The aggregation degree of the events per track was 
evaluated by calculating the distance distribution between two 
arbitrary events. The distance frequency distributed below 3.4 nm 
(corresponding to 10 bp in DNA) was considered to correlate with the 
induction of DSBs, which we call ―aggregation index‖ (AI). The 
group size of the events was classified by the distance frequency and 
the isolated pattern configuration to find the minimal element as a 
cluster of the events for inducing DSB. 
Results: The simulation results show that the value of AI increases 
proportionally with the incident electron energy above a few keV 
while it surpasses the linear trend (in convex shape) below a few keV 
energies. Low energy electrons (particularly around sub-keV) have a 
tendency to induce ionization and excitation events densely in local 
volumes as clusters even though the number of the clusters is few. In 
this case, DSB may be generated efficiently. 
Conclusions: The computation of AI and clustering number is useful 
for evaluating DNA damage such as DSBs. The initial energy of 






The venue. The congress rooms can be accessed from the East through the main entrance to the 
Palace of Culture and Science (PKiN) or from the West through the doors leading to LR1 
Kongresowa. Name badges must be shown upon entering the building. Address of the venue is: PKiN, 
plac Defilad 1, 00-901 Warszawa.  
PowerPoint presentations. Please hand in your presentation directly to the operator in your lecture 
room. Please do this either in the morning or during the coffee/lunch break preceding your session. 
Posters. The poster size is 240 x 95 cm (94 inches by 37 inches). Poster walls will be standing in 
rooms PR1 Starzyński and PR2 Broniewski. Authors are asked to be at their posters during the times 
given in the program (see description of the poster sessions). Posters will be exposed during the whole 
meeting. 
Coffee and lunches. Coffee and lunches are included in the registration fee and will be served in CR1 
Marmurowa and CR2 Korczak  
Internet access. Free wireless internet will be available in all rooms. Access passwords will be 
provided at the registration desk. 
Printer. A desk computer with a printer will be available at the registration desk. Please consult the 
crew of the registration desk for access.  
Some information about the venue 
The Palace of Culture and Science (PKiN). The Palace was a gift of the Stalinist Soviet Union to the 
Polish People‘s Republic. The main architect was Leo Rudniew. It was erected between 1952 and 
1955. With its 230.68 m the Palace still remains the highest building in Poland. It has 42 storeys and 
3,288 rooms and halls, some of which are listed below with the origin of their names explained.  
LR1 Kongresowa. Designed as a congress and conference hall, but also used on numerous occasions 
as a concert and theatre hall. Famous performers include Marlene Dietrich, Ella Fitzgerald, Duke 
Ellington, and the Rolling Stones. It can accommodate 2,880 people.  
LR2 Ratuszowa. The English translation is ―town hall room‖. It is identical in size and shape to CR1 
Marmurowa. The walls are covered by marble and the floor is a stone mosaic.  
LR3 Skłodowska. Named after Maria Skłodowska-Curie, who does not need to be introduced here. If 
you want to learn more about her – listen to the lecture by her granddaughter Hélène Langevin-Joliot 
on Thursday 1 September 14:00 (PL 7).  
LR4 Warszawska. The English translation is ―Warsaw room‖. It routinely serves as the meeting place 
of the Senate of the city of Warsaw. 
LR5 Mikołajska. Named after Halina Mikołajska, who was perhaps the best Polish theater actress of 
the 20th century. Mikołajska was also deeply engaged in resistance against the communist regime. She 
died in 1989. 
LR6 Kruczkowski. Named after Leon Kruczkowski, a Polish writer and publicist. His works include 
novels and theatre plays. He was an active and vocal supporter of the new communist order in Poland 
and, being a major literary figure, is recognized as having a significant influence on the post-war 
Polish cultural policy. He died in 1962. 
PR1 Starzyński. Named after Stefan Starzyński, a Polish politician, economist, writer, and statesman. 
He was the mayor of the capital city before and during the Siege of Warsaw in 1939. Captured by the 
Nazis he died in 1943 in the Dachau concentration camp.  
PR2 Broniewski. Named after Władysław Broniewski, a Polish poet and soldier. He is considered as 
one of the most important representatives of revolutionary lyrics and socialist realism. He was also a 
talented translator of poetry and prose from Russian and German. He died in 1962.  
CR1 Marmurowa. The name means ―marble room‖. It is a twin room to LR2 Ratuszowa. Both rooms 
are perhaps the most representative chambers of the Palace and were meant to resemble the interior of 
a renaissance palace. 
  272 
CR2 Korczak. Named after Janusz Korczak (actually Henryk Goldszmit), who was a Polish-Jewish 
pedagogue, children's author, and paediatrician. Korczak was passionately engaged in fighting for 
children‘s rights during the period before the World War II. He was the director of an orphanage and 
was killed by the Nazis in 1942, together with his children, in the concentration camp in Treblinka.  
MR1 Rudniew. Named after Lev Vladimirovich Rudniev, the main architect of the palace. Rudniev 
was a Russian architect and a leading practitioner of Stalinist architecture. He died in 1956.  
MR6 Puszkin. Named after Alexander Sergeyevich Pushkin (1799 – 1837) who was a Russian author 
of the Romantic era and who is considered to be the greatest Russian poet and the founder of modern 
Russian literature. 
Gagarin. Named after Juri Alexeyevitsh Gagarin, a Russian test pilot and cosmonaut. In 1961 he 
became the first man in space and a hero of the Soviet Union. He died in an aeroplane crash in 1968.  
Tiereszkowa. Named after Valentina Vladimirovna Tereshkova, a retired Soviet cosmonaut, who in 
1963 became the first woman in space. 
Trojka. (Threesome in English) was initially a restaurant with the same name. Today, Trojka is used 
as a corridor to connect CR1 Marmurowa and LR2 Ratuszowa.  
Mickiewicz. Named after Adam Mickiewicz, who lived between 1798 and 1855. He was a Polish-
Lithuanian poet of the Romantic period. He is regarded as a national poet of Poland and perhaps the 
greatest poet in the Polish literature.  
Sienkiewicz. Named after Henryk Sienkiewicz, who lived from 1846 to 1916. He was one of the most 
popular Polish writers at the turn of the 19th and 20th centuries, and received the Nobel Prize in 
Literature in 1905 for his outstanding merits as an epic writer. One of his novels, Quo vadis, was 
filmed in 1951 in Hollywood, starring Robert Taylor, Deborah Kerr, and Peter Ustinov. A Polish film 
based on the novel appeared in 2001.   
Pen Club. The name comes from the fact that this room is used as a meeting place by the Polish Pen 
Club.  
A map of the Warsaw city centre with the location of the palace (in the centre) is shown below. 
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Conference gala dinner, Tuesday 30 August 
 
The gala dinner will take place on Tuesday 30 August, starting at 19:30. It will be a seated 
banquet with wine served at an open bar. A multi-course dinner will be served from a buffet. 
A six-person music band whose original repertoire ranges from jazz to Latin-American tunes 
will make the evening even more attractive. A dance floor will also be available for those who 
like dancing. 
The venue of the gala dinner is EXPO XXI, one of the most modern event halls in Poland. 
EXPO XXI is located ca 7 km west of the conference venue. Transport to EXPO XXI will be 
provided – detailed information will be available at the registration desk. Please organize your 





Address of EXPO XXI: ul. Prądzyńskiego 12/14, 01-222 Warszawa. 
GPS coordinates: 52°13'25''N, 20°58'2''E. 
  
  276 
List of meetings parallel to ICRR2011 
(only for involved participants) 
 
 
meeting date meeting details room 
   
Sunday 28 09:00 - 18:00 ISO WG18 MR6 Puszkin 
   
Monday 29 13:00 - 14:30 IARR Council meeting MR6 Puszkin 
Monday 29 15:00 - 16:30  IABER MR3 Warszawska annex 
   
Tuesday 30 12:30 - 15:00 IJRB (Diana Dixon) MR3 Warszawska annex 
Tuesday 30 13:00 - 14:30 IARR General Assembly MR1 Rudniew 
Tuesday 30 13:15 - 14:00 ERRS Council meeting  MR3 Warszawska annex 
   
Wednesday 31 14:00 – 15:00 ERRS General Assembly  MR3 Warszawska annex 
Wednesday 31 09.50 - 12; 14 - 15  BNCT symposium MR1 Rudniew 
Wednesday 31 14:00 - 18:00 DOREMI meeting MR3 Warszawska annex 
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